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Description 

Field of the Invention 

[0001 J This invention relates to a detection system for 
determining information concerning the location of ob- 
jects, and which can be extended to determine move- 
ment and orientation and even physical parameters 
such as shape of objects in a specified environment. 
The invention can be applied to people and animals as 
well as inanimate objects such as furniture, machines, 
vehicles, equipment and the like, and in this connection 
object is intended to include any movable entity. 

Background to the Invention 

[0002] Location systems are known which allow the 
presence or absence of an object in a specified environ- 
ment (such as a room) to be confirmed or denied, and 
relative to one or more reference points, to identify 
where in the environment the object is located. 
[0003] EP 0485879 describes a system for locating 
vehicles in automatic guidance transport systems. 
[0004] Ultrasound is employed as a distance measur- 
ing medium whilst an infra-red link allows connection be- 
tween vehicles. 

[0005] WO 95/14241 describes a tracking system 
which enables a spotlight to follow a person on a stage 
carrying a transponder. Again infra-red signals are used 
to instigate ultrasonic transmissions to determine the 
position of the transponder and therefore the person. 
The spotlight is moved accordingly. 
[0006] EP 0591 899 describes another spotlight con- 
trolling system for tracking a moving target (actor on 
stage) carrying a transponder. 

[0007] Here the radio transmissions establish the 
communication link and ultrasound transmissions are 
employed to determine distance and position. 
[0008] These systems do not allow for the introduction 
of any new labelled object into the environment being 
monitored, without operator involvement. Nor do they 
make any provision for noting if an object ceases to re- 
spond due to its movement out of range, or it being 
screened, nor to any change in the rate of position de- 
termination. 

Object of the invention 

[0009] It is an object of the present invention to pro- 
vide a detection system not only capable of locating the 
position of labelled objects in a specified environment, 
and which can be modified to allow orientation, rotation- 
al movement and linear movement to be determined 
and tracked, and allow for control of operable devices 
on or associated with the labelled objects, but which will 
automatically respond to the introduction of a new la- 
belled object into the environment and begin measuring 
its position, orientation, movement etc. 



The Invention 

[0010] According to the invention there is provided a 
system for determining the position of each of a plurality 
5 of labelled objects in a specified environment, compris- 
ing computing means for determining the transit times 
of slowly propagating energy transmitted from a trans- 
mitter on each labelled object to a plurality of receivers 
positioned at fixed points in or around the specified en- 

10 vironment, the computing means computing therefrom 
the actual distance of the transmitter from the receivers, 
a master transmitter located so as to cause transmitted 
bursts of high speed energy to enter the said environ- 
ment, whereby the transmissions of the slowly propa- 

15 gating energy for the respective labelled objects are in- 
itiated by respective bursts of such high speed propa- 
gating energy from said master transmitter which trans- 
mits said bursts of high speed energy in encoded form 
in accordance with a schedule of the labelled objects, 

20 and a receiver associated with the transmitter on each 
object, each receiver being adapted to respond to an 
appropriately encoded burst of such high speed energy, 
thereby to initiate a burst of slowly propagating energy, 
characterised in that a further transmitter of high speed 

25 energy is provided on the object, associated with the re- 
ceiver thereon, to transmit data signals to a remote re- 
ceiver using encoded high speed energy transmission 
in order to update the master transmitter schedule in ac- 
cordance with the arrival and departure of objects to and 

30 from the specified environment. 

[0011] Preferably each of the said plurality of receiv- 
ers is adapted also to be responsive to a said burst of 
high speed energy, so as to identify the beginning of a 
window of time within which a slow speed energy burst 

35 may arise and be received thereby. 

[0012] The burst may be the same burst as is sent to 
trigger one of the transmitter/receiver units to transmit 
a slowly propagating wave, for time measurement. 
[0013] Alternatively the said plurality of receivers may 

40 be connected by a network of cables and the reset sig- 
nals and the polling of the time values may be achieved 
via the network. 

[0014] Preferably the receivers include a latch to re- 
tain information about the time at which the beginning 
45 of a burst of slow speed energy is received after the be- 
ginning of each said time window. 
[0015] Preferably the receivers are scanned (ie 
polled) so as to recover the time information and reset 
the latches. 

50 [001 6] Preferably computing means is provided to as- 
sociate the time information with the receiver from which 
the times have been obtained, and generate a transmit 
time for each receiver. 

[0017] Preferably the computing means is pro- 
55 grammed to convert the transit time into distance values 
and using position data relating to the receivers stored 
in a memory, to compute therefrom the position of the 
object mounted transmitter from each of the receivers, 
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and therefore, by geometry its position relative to one 
or more fixed points defining the specified environment. 
[0018] By encoding the high speed energy transmis- 
sion, so a plurality of different slow speed signal trans- 
mitters all located in the same specified environment, s 
can be triggered in turn, so that during a sequence of 
time windows, position data relating to each of the slow 
speed signal transmitters in the environment can be ob- 
tained, the data in each window relating specifically to 
one only of the object mounted transmitters. 10 
[0019] Typically the slow speed signals are acoustic 
or ultrasonic signals and the high speed signals are 
electric currents or vottage or visible or invisible electro- 
magnetic radiation such as IR, UV or radio signals. 
[0020] Encoding of the high speed signals may be by 15 
way of frequency or amplitude or phase modulation or 
pulse coding or any combination thereof, and preferably 
digital encoding techniques are employed, if only to en- 
sure adequate signal to noise ratios can be achieved. 

20 

Background theory to position determination 

[0021 ] Such systems are based on the principle of lo- 
cation by multilateration. For each object that is to be 
located, the straight-line distances are measured from 25 
a point on that object to a number of other points in the 
environment whose positions (in some frame of refer- 
ence) are already known. Given enough distances, and 
a suitable geometry of the endpoints between which 
they are measured, it is possible to derive a position for 30 
the object. 

[0022] To determine the distances between objects 
and points in the environment, transmitters and receiv- 
ers are placed on them and measurements are made of 
the times of signal pulses being generated and received. 35 
The system can be used to measure round trip delays, 
or alternatively can give the difference in the one-way 
delays for signal pulses sent simultaneously (or with 
known time offsets). If the one-way delay in two media 
are dt 1 and cft 2 , then 40 

D= dt A - dt 2t 

and 45 
if the (predictable) velocities of propagation in the two 
media are i/j and v 2 , and the distance between trans- 
mitter and receiver is R, then 

R= D/(1/v r 1/v 2 ) . 50 

[0023] It may be seen that if v 2 is much greater than 
v 1t then the range calculation can be approximated by 

55 

R = Dv,. 
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[0024] Thus, if, for example, radio and ultrasonic sig- 
nals are transmitted simultaneously (through space and 
air as the respective media), then the equation R= Dv^ 
is sufficiently accurate for the limited range of an indoor 
environment, such as a typical house, room, office or 
even small factory unit or warehouse. 
[0025] It is not necessary to transmit both fast and 
slow speed signals simultaneously. A radio pulse for ex- 
ample, can be treated as if its travel time is zero (i.e. 
independent of range), and it can thus simply be used 
as a trigger signal. However the flight times of the slow 
signal pulses (e.g. ultrasonic pulses) can be accurately 
measured by synchronising the transmitter and receiver 
units, as by a timing pulse generated by a suitable con- 
troller. 

[0026] Reflections from other objects in the transmit- 
ter's environment may cause multiple signals to arrive 
at a receiver. Any direct-path signal from the transmitter 
to the receiver should arrive before these reflections, so 
that in general all pulses arriving at a receiver after the 
first one should be ignored. For this reason, it is impor- 
tant that the width of the pulse sent by the transmitter is 
as short as possible, so that the direct-path and reflected 
signals may be identified optimally. 
[0027] In order to allow the system to adapt to different 
numbers of transponders and differing demands for 
service (eg frequency of position determination per 
transponder or object), a coordinating control system is 
provided for determining the order in which the object 
mounted transponders are to be addressed and trig- 
gered by the master transmissions from the master 
transmitter, in response to updatable information relat- 
ing to the objects and related service demands. 

Problems in such systems 

[0028] It should be noted that diffraction of the pulse 
signal may also occur, and this will produce similar ef- 
fects to the unwanted reflections. 
[0029] Once a set of distances from the transmitter to 
the receivers has been found, the system is pro- 
grammed to attempt to derive a position of the transmit- 
ter. 

[0030] It is possible that some receivers will have de- 
tected no signal from the transmitter, due to obstruc- 
tions, directionality of the transmitting element, etc. 
These receivers must be excluded from further consid- 
eration. 

[0031] It is also possible that the first pulse detected 
by a receiver is a reflected or diffracted signal. (This may 
occur, for example, if the direct signal path is obstruct- 
ed). In this case, the computed distance will be greater 
than the true distance, and errors would be introduced 
into the position for the transmitter that is reported by 
the system if that incorrect distance is used in the posi- 
tion calculation. In general the computed distances 
would not identify a unique point (or more generally 
smalt volume). If this occurs the erroneous computed 
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value have to be identified and eliminated. 
[0032] Reflected and diffracted signals that arrive at 
receivers can sometimes be distinguished from direct 
path signals by inspection of the received pulse shape, 
and thereby inaccurate measurement eliminated. 
[0033] If this is not possible, other ways must be found 
of comparing the distances measured by receivers for 
example by comparing measurements made by pairs of 
receivers in order to identify and eliminate erroneous 
signals. 

[0034] One way of doing this is to compare the dis- 
tances reported by all pairs of receivers that have de- 
tected a slow speed signal. It can be shown geometri- 
cally that the difference of the measured distances from 
two receivers to a transmitter cannot be greater than the 
straight-line distance between the two receivers, if the 
measured distances are accurate. Thus, if a pair of re- 
ceivers is found for which the measured distances to the 
transmitter do not satisfy this criterion, the receiver that 
has reported the longer distance can be excluded from 
further consideration, since reflections and refractions 
in general will tend to produce longer distance values 
than the true straight-line distance. 

Distance computation and position fixing 

[0035] Having performed this algorithm, the system 
may be adapted to attempt to fit a non-linear regression 
model to the remaining distances, by performing an it- 
erative regression computation on the data. 
[0036] If this fails to converge, the system may be pro- 
grammed to report that it is unable to calculate the po- 
sition of the transmitter using the available data. 
[0037] If the iteration converges, however, studen- 
tised residuals are preferably calculated for the distanc- 
es, and the system preferably determines the variance 
of the distance data. 

[0038] Reflected signals will tend to produce large val- 
ue, so that if the variance is below a predefined, accept- 
able level, the system can be programmed to conclude 
that all erroneous signals have been identified and elim- 
inated. 

[0039] If the variance is greater than an acceptable 
level, signals derived from the receiver associated with 
the distance that has the largest positive studentised re- 
sidual is assumed to have resulted from at least one re- 
flection and these signals are first excluded from con- 
sideration. The system is programmed to attempt to fit 
the model again. 

[0040] This procedure involving the deletion of receiv- 
ers and signals from consideration is repeated as nec- 
essary, until the variance of distance data from the re- 
maining detectors is sufficiently small. 
[0041] This process is of course only valid if a large 
enough number of signals/receivers still remain when 
the small variance is noted. 

[0042] At any stage in this process, it may be found 
that the geometry or number, or both of the remaining 
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receivers under consideration is insufficient for a three- 
dimensional position for the transmitter to be calculated. 
For example, al! the remaining receivers may be in line. 
[0043] If this occurs, the system is adapted to abort 
5 the computation and report that insufficient information 
has been gathered to fix the position of the transmitter 
at that time. 

[0044] In an application of this procedure, when the 
system criteria indicate that all receivers that may have 

10 detected an erroneous signal have been eliminated 
from consideration, a no n- linear regression model has 
been fitted to the distances calculated from the pulse 
times determined by the remaining receivers, and a 
transmitter position has been found, the system may 

is use this information for various purposes, or it may 
transmit the information to other interested parties. 
[0045] Before transmitting a second slow speed sig- 
nal the system preferably waits for reverberations of the 
previous distance-measuring pulse to die out before at- 

20 tempting to repeat the above procedures to get another 
fix for the transmitter position. Obviously, the time the 
system must wait for this to happen will depend on the 
characteristics of the transmission medium and the 
transmitter's environment. This may be determined em- 

25 pirically, or by adaptation such as by self-learning. 

[0046] A detection system for determining information 
concerning at least the position of an object is envis- 
aged, using signal pulses respectively of high and slow 
propagation speeds, which comprises at least three 

30 fixed, non-collinearly distributed slow speed signal re- 
sponsive receivers, at least one transmitter unit for 
transmitting slow speed signal pulses, mounted on the 
object, means for generating and transmitting high 
speed signal pulses to synchronise signal pulse trans- 

35 mission from the transmitter with the commencement of 
a reception-sensitive period at a receiver and means for 
computing signal pulse reception times and correlating 
differences therein to determine the required informa- 
tion about the position of the object. 

40 [0047] A separate transmitter located on each of two 
or more objects in the specified environment is envis- 
aged each transmitter including a high speed signal re- 
sponsive receiver adapted to respond to only one of a 
plurality of high speed signals, and the separate trans- 

45 mitters being triggered in sequence by a transmitter of 
high speed signals which is adapted to transmit uniquely 
one of the plurality of possible high speed signal at the 
beginning of each timeframe. 

[0048] The above can be adapted to identify and log 
50 movements of two or more objects in the same area/ 
space, by locating a transmitter on each object and pro- 
viding each transmitter with a unique address, so that 
each transmitter can be triggered in turn and the position 
of the relevant object determined in a sequence. 
55 [0049] It is not only necessary to trigger transmitters 
uniquely, but also necessary to restrict transmissions 
from multiple objects so that they do not interfere with 
each other, by making sure that the transmissions do 
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not overlap in time in the same space. 
[0050] This can be arranged by a coordination device 
to address the transmitters, as by sending address in- 
formation to them as part of a regular timing synchroni- 
sation signal. For example, the slow speed signal trans- 
mitters, each with their own high speed signal receiver 
and unique address, could be placed on the objects to 
be located, and access to the space in which the dis- 
tance-measuring pulses are transmitted is divided into 
discrete timeslots, the duration of each timeslot being 
the time needed for reverberations of pulses to die 
down. At the start of each timeslot, the coordinating de- 
vice is adapted to send out a high speed timing-synchro- 
nisation signal (typically a radio signal) which consists 
of an address and a timing pulse. All transmitter receiv- 
ers placed on the objects will receive this signal, and 
each compares the received address with its own. If the 
addresses are the same, that transmitter (and only that 
transmitter) is adapted to send a slow-transmission- 
speed distance measuring pulse, when the associated 
timing pulse is received. 

[0051] The frequency at which certain addresses are 
transmitted by the coordinating device may be varied, 
either when the system is set-up, or based on informa- 
tion obtained from previous addressings. 
[0052] Thus during set-up an object which will normal- 
ly be static and remain for long periods of time in one 
place, can be identified as such, and its address only 
transmitted infrequently - say once every 5 minutes or 
once every hour. However objects which it is known in 
advance are likely to move (or be moved) within the 
space, can be identified as mobile, and their addresses 
transmitted more frequently - eg once every minute, or 
every few seconds, or even more often if the system ca- 
pabilities permit. 

[0053] In a more sophisticated arrangement, a mem- 
ory in the coordinating device may be used to store 
against each address, an item of information which in- 
dicates the frequency of position changes, for that ad- 
dress, detected by the system during some predeter- 
mined period of time (which might be minutes, hours or 
days depending on the environment and the nature of 
the objects carrying the transmitters). The stored item 
of information is employed to determine how often each 
address is broadcast. If the item of information changes 
in value, indicating an increased or decreased frequen- 
cy of movements of the address within the space, the 
coordinating device can respond appropriately and in- 
crease or decrease the frequency of transmissions of 
the address received . 

[0054] The system can also be used to determine the 
true orientation of an object, by comparing the position 
of two or more transmitters mounted on the object. 
[0055] If an object is rigid and stationary (or moving 
slowly or predictably enough) and a number of transmit- 
ting elements are placed at known points on the object, 
the positions of all the transmitters can be found in three 
dimensions. Since the fixed spatial relationship between 



the transmitters on the object is known, as well as their 
measured positions in three dimensions, it is possible 
to determine both the position and orientation of the ob- 
ject. 

5 [0056] Depending on the knowledge of the capability 
of movement of an object, one or more transmitters lo- 
cated thereon will enable the position and orientation of 
the object to be determined. Thus an object mounted for 
rotation about a fixed axis and only capable of that 

10 movement will generally only need one off- axis trans- 
mitter to be mounted thereon to allow its rotational po- 
sition to be computed. 

[0057] If two spaced apart transmitters are mounted 
on an object, more information about rotation and posi- 
es tion can be determined to advantage. 

[0058] If orientation is to be determined efficiently and 
quickly, it is preferable to address the two or more trans- 
mitters on the object in succession. 
[0059] If the object is moving, then the same pattern 
of addressing is preferably maintained so that changes 
(caused by movement) in the actual and/or relative po- 
sitions of the transmitters will be as small as possible, 
and the most accurate description of each orientation 
as well as the movement of the object will be obtained. 
[0060] A system is also envisaged for determining the 
position of an object in a specified environment in which 
the transit time is determined of slowly propagating 
measurement energy transmitted from a transmitter on 
the object to a plurality of receivers positioned at fixed 
points in or around the specified environment, and in 
which the distance of the transmitter from each receiver 
is computed from the times taken for the measurement 
energy to propagate from the object to some of the re- 
ceivers, and wherein the slowly propagating measure- 
ment energy is initiated by a trigger burst of energy hav- 
ing a higher speed of propagation from a master trans- 
mitter which is located so as to transmit trigger bursts 
into the environment to initiate the measurement energy 
transmitter on the object of interest, and wherein a plu- 
rality of such transmitters are located on different ob- 
jects and/or points of the same object within the envi- 
ronment, and each transmitter of measurement energy 
is associated with and controlled by signals from a re- 
ceiver responsive to trigger burst transmissions, and the 
latter are encoded and/or transmitted at different fre- 
quencies so that the receivers located throughout the 
environment can be individually addressed from the 
master transmitter, contains a coordinating control sys- 
tem for determining the order in which the object mount- 
ed transmitter/receiver combinations are to be ad- 
dressed and triggered by the transmissions from the 
master transmitter, together with memory means for 
storing relevant information about the different combi- 
nations with reference to their addresses, by which the 
order can be determined, and in which a data link is pro- 
vided between each object and a remote receiver using 
encoded high speed energy propagation, such as radio 
signals, by associating an appropriate transmitter with 
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each object mounted receiver. 

[0061] The coordinating control system memory 
means typically stores a unique address for each of the 
receiver/transmrtter/transmitter combinations ! and the 
control system is programmed to encode the transmis- 
sions using the address information so as only to ad- 
dress the receiver/transmitter/transmitter combinations 
individually. 

[0062] Preferably in addition to the unique address for 
each receiver/transmitter combination, at least one ad- 
ditional item of information (a weighted hierarchy indi- 
cation for schedule positioning, or "WHISP") is stored in 
a manner which can be associated with each unique ad- 
dress and the control system is programmed to select 
from the addresses that of the receiver next to be polled, 
using the WHISP values to determine the order of ad- 
dressing. 

[0063] Each receiver/transmitter/transmitter combi- 
nation can be thought of as a bi-directional transponder, 
and may hereinafter be referred to as such, although it 
is to be understood that the incoming triggering and ad- 
dressing signals are of one type (typically radio waves), 
when triggered by a transmission from the master trans- 
mitter the transmitted signals are of another type (typi- 
cally ultrasonic) , and the data transmission from the ob- 
ject mounted device is also likely to be of the said one 
type (ie typically radio waves). 

[0064] The coordinating control system may be sep- 
arate from or form an integral part of the master trans- 
mitter. 



transponder is to be addressed. 

[0070] The WHISP may comprise two items of infor- 
mation, firstly for example the length of time since the 
transponder was last addressed (which may be contin- 
5 ually updated by clock information) and secondly for ex- 
ample a rate of interrogation figure to be achieved by 
the system for that transponder 

Assembly of address lists (scheduling) 

10 

[0071] The coordinating control system may compile 
a list of transponders to be addressed in a sequence by 
interrogating all of the unique addresses and their relat- 
ed WHISPS and compiling the order in which they are 

1$ to be interrogated using the current WHISP information. 
[0072] Thus in one arrangement the coordinating con- 
trol system may create a schedule of unique transpond- 
er addresses using the WHISP data, and arrange the 
order of the addresses in the schedule, and therefore 

2Q the order in which they are to be interrogated. The 
schedule is then used to determine the encoding of each 
trigger burst from the master transmitter and the order 
in which the transponders are thereby interrogated. 
[0073] In this arrangement, updating may be per- 

25 formed in two different ways. Thus in one mode, any 
changes which are required to be made to WHISP data 
may be held over pending the end of the interrogation 
of the current schedule of addresses, whereupon the 
WHISP data is updated prior to the compilation of the 
next schedule. 



WHISP options 

[0065] A WHISP may be stored for each unique ad- 
dress, and it is the WHISP which must be changed to 
adjust the subsequent addressing of the transponders. 
[0066] Alternatively a set of standard WHISPS may 
be stored and an association between each unique ad- 
dress and one of the standard WHISPS is stored for 
each unique address, so that an appropriate WHISP is 
linked to each unique address. In that event only the as- 
sociations need to be changed so as to influence the 
subsequent addressing of the transponders. Likewise a 
change to one (standard) WHISP will mean that all the 
associated addresses will be given a new hierarchial po- 
sition. 

[0067] For complete flexibility unique addresses, 
WHISPS. (and/or the associations between unique ad- 
dresses and WHISPS) can all be changed to allow for 
the entry or exit of transponders into and out of the en- 
vironment, and to alter the manner in which those in the 
environment will be addressed by the coordinating con- 
trol system. 

[0068] In one example the WHISP may be a simple 
logic 1 or 0 to indicate whether the transponder combi- 
nation is to be addressed or not. 

[0069] The WH ISP may comprise a priority or weight- 
ing measure to determine the order or rate at which the 



Interruptions to scheduling 

[0074] In an alternative mode, a change to a WHISP 
may be permitted to interrupt the running of a particular 
schedule if the unique address or addresses associated 
with that WHISP is/are still to be interrogated, but is held 
overto update the WHISP data before the next schedule 
is compiled if the particular address or addresses has/ 
have already been interrogated in the current schedule. 
[0075] In either mode, the system may include an 
emergency override to allow the transponder triggering 
in accordance with the current schedule to be terminat- 
ed immediately, and for a new schedule to be immedi- 
ately compiled, taking account of the WHISP change as- 
sociated with, or entered with or after, the emergency 
override instruction. 

Dynamic sche dulin g 



[0076] An alternative and more flexible approach to 
scheduling involves merely determining from all availa- 
ble data existing just before the next trigger transmission 
is due, the next transponder address which should be 
interrogated, using a suitable algorithm and high speed 
processing, and the development and implementation 
of one particular algorithm for performing this function 
is set out below. 



40 



45 



6 



11 



EP 1 034 441 B1 



12 



Determination of dynamic WHISP scheduling 

[0077] Changes to WHISP data may occur as a result 
of a lapse of time, the arrival of a particular time or date, 
or by interaction with an application running on a com- 
puter (which may be part of the position determining sys- 
tem, or the coordinating control system, or another com- 
puter altogether), or by the entry of data by an operator 
for example to indicate that the system should cease its 
scheduled transponder position determining function 
and for example seek one particular transponder (which 
may for example relate to that on a particular person or 
object believed to be within the environment). 
[0078] Additionally or instead, environment related in- 
formation may be allowed to create an interruption to 
permit or cause WHISP data to be altered, such as an 
increase or decrease in temperature, light level, or 
sound level or the like, either within the environment or 
within a separately monitored environment, or by trans- 
ducer originating signals linked for example to the move- 
ment of an object either within the environment; within 
an adjoining environment; or for example by the opening 
of a door communicating between one environment and 
another. 

Independent movement sensing 

[0079] The movement of an object within the moni- 
tored environment or an adjoining environment may be 
detected by means of a movement sensor such as a 
trembler switch, associated with the object. If so a radio 
or hard-wired communication channel may be required 
between the sensor and the coordinating control sys- 
tem. 

WHISP data changes 

[0080] References to changes to WHISP data, in- 
clude changing the WHISP data stored in a unique 
memory means linked to one of the unique addresses, 
or changing the association between a transponder ad- 
dress and a plurality of standard WHISPS, depending 
on whether a separate WHISP is stored for each ad- 
dress, or whether a number of standard WHISPS are 
stored and associations between them and the different 
transmitter addresses are stored. 

Operation of the scheduler 

[0081] The scheduler may be adapted not only to de- 
termine the order in which the transponders are to be 
interrogated but also the rate of interrogation of any one 
transponder. 

[0082] This may for example be a fixed rate associat- 
ed with the particular transponder address, which rate 
is entered as a second item of information in each 
WHISP. 

[0083] Alternately in another example, the second 



item of information may be an adjustable rate value, 
which can be altered in relation to variations in a param- 
eter monitored by a transducer or sensor. The parame- 
ter may for example be temperature, light level, sound 
5 level orthe like, ormay be a value which can be adjusted 
by an operator, or in relation for example to a parameter 
such as the time, or the date. 

[0084] The rate parameter associated with each 
WHISP itself may be a dynamic variable, whose instan- 
ce taneous value is determined for example by whether a 
variation has occurred in the detected position of a 
transponder carried by an object. 

Resource allocation 

15 

[0085 J If the object(s) are stationary, the position(s) of 
the transponder(s) carried by the object(s) will be sub- 
stantially identical each time the system interrogates the 
relevant transponder(s). By comparing the last noted 

20 position(s) with the current noted position (s) and apply- 
ing a tolerance band to cover minor variations intro- 
duced by the measuring process, the system can be 
programmed so as to reduce the frequency at which any 
one transponder (or group of transponders) is interro- 

25 gated, down to a relatively tow level, thereby reducing 
the traffic on the system and allowing more time to be 
available for more frequent interrogation of transpond- 
ers positioned on objects which are moving, and whose 
positions therefore are likely to vary from one reading to 

30 the next. 

[0086] In order to monitor a rapidly moving object in- 
terrogations spaced by less than a second may be need- 
ed in order to track its movements, and it is of great ad- 
vantage to reduce the rate of consideration of trans- 
35 ponders on other objects which are essentially static, or 
only moving very slowly or in a predictable pattern. 

Tracking rate variation 

40 [0087] The system may be programmed to utilise a 
third item of data within a WHISP, and to increase the 
tracking, (ie frequency of interrogation) of a transponder 
of a first object if a second object having such a third 
item of information stored as part of its WHISP is per- 

45 ceived by the position determination of the transponder 
on the second object, to have moved close to the first 
object. 

[0088] Thus for example the WHISP of a transponder 
address of a human being may carry such a third item 

50 of information, so that if the transponder linked to the 
person concerned is seen by the system to approach an 
object which is normally stationary and whose trans- 
ponder would otherwise be interrogated perhaps only 
once every 5 minutes, the interrogation rate of the trans- 

55 ponder associated with the stationary object may be in- 
creased in anticipation of the possibility that the person 
may suddenly move it. 

[0089] Thus by allowing for the instantaneous adjust- 
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ment of the next transponder address which is to be in- 
terrogated, a fully dynamic system can be created since 
it allows the scheduler to alter not only which transpond- 
er is to be interrogated but also the rate at which different 
transponders are to be addressed with complete flexi- s 
bility, thereby to follow changes and developments in an 
environment, with little or no delay. The system can 
therefore be thought of as having very low hysteresis 
and by including pre-programmed items of information 
in each WHISP, which can alert the system to the likeli- 10 
hood of changes occurring, so sudden changes in the 
environment can be followed almost immediately they 
occur. 

Basic assumptions to allow algorithm parameters to be 15 
determined 

[0090] By way of example let us consider a location 
system that uses a set of ultrasound receivers placed at 
known positions on a ceiling in a room to detect ultra- 20 
sonic signals from an ultrasound transmitter attached to 
an object in the room. By determining the times-of-flight 
of those signals from the ultrasonic transmitter to the 
ultrasound receivers, we may calculate in the three di- 
mensions the position of that object in the room. The a 25 
system can be extended to locate more than one ultra- 
sonic transmitter in the room, provided each has a 
unique address so that they can be triggered separately, 
typically by serially polling the transmitters. 
[0091] In order to accurately measure the signal flight- 30 
times, a central coordinating device triggers the trans- 
mitter, at the same time as a reset signal is sent to the 
ultrasound receivers, typically over a wired network. 
Synchronisation between the transmitting and receiving 
elements of the system is thus achieved. To ensure that 35 
only one transponder is triggered (where two or more 
transponders exist in the room and so as to prevent the 
confusion that would be caused if ultrasound receivers 
were to detect ultrasound signals from more than one 
source), each ultrasonic transmitter is controlled by a 40 
radio receiver and is triggered by the transmission of a 
suitable radio signal into the room. Each receiver in- 
cludes a unique address. The radio signal contains one 
such unique address. Upon receipt of the radio signal, 
each radio receiver compares the transmitted address 45 
with its own, and, if the addresses match, its ultrasonic 
transmitter is triggered to emit a short pulse of ultra- 
sound. 

[0092] The central coordinating device has to allow for 
reverberations and reflections of each transmitted pulse so 
to die away (so that the ultrasound receivers detect ul- 
trasound from only one source) before triggering anoth- 
er ultrasonic transmitter. For a typical room, the time 
needed to allow all such sounds to die away can be of 
the order of 20ms. 55 
[0093] It can be seen, therefore, that there is a limit 
on the number of ultrasonic transmitters which such a 
location system can trigger in any time period. The time 



between each radio addressing message is called a 
timeslot, and only one transmitter can be interrogated 
and triggered within each timeslot. 
[0094] Efficient distribution of the timeslots between 
ultrasonic transmitters to be located is clearly a priority, 
and this distribution should take account of the different 
rates at which location information about particular ob- 
jects is desired. For example, the system might normally 
monitor transponders carried by people (who move of- 
ten) at least once each second, whereas it might monitor 
those attached to desks, filing cabinets or workstations 
(which move infrequently) only once a minute. If, how- 
ever, a monitored person walks up to a particular work- 
station, the system may be programmed thereafter to 
monitor that workstation's position once a second at 
least while the person is noted as being in the vicinity, 
because it is then more likely to be moved. 
[0095] A further constraint on the allocation of times- 
lots can arise when members of a group of transponders 
need to be interrogated in consecutive timeslots. This is 
advantageous when the positions of the transponders 
in the group are to be used to determine both the loca- 
tion and orientation of an object, such that any motion 
of the object between readings can make the derived 
information inaccurate. 

[0096] As mentioned above, the process of timeslot 
distribution is called scheduling, and software, typically 
in the form of an algorithm for performing this function, 
will be called a Scheduler. 

[0097] The priority level assigned to each different 
transponder is called its Location Quality of Sen/ice 
(LQoS). 

[0098] The LQoS of a transponder may also be 
changed at any time, and subsequent timeslot allocation 
needs to take account of any such changes. 
[0099] The Scheduler is envisaged to be designed to 
accommodate LQoS changes; to have the appropriate 
long term behaviour; to assign timeslots to transponders 
based on their Location Quality of Service (LQOS); and 
furthermore to deal with service demands which are 
greater or less than the system capacity, by scaling ex- 
cessive requests fairly in the former case, and padding 
with dummy timeslot assignments in the second. It is 
also capable of adjusting timeslot assignment to allow 
a group of transponders to be located consecutively 

Scheduler implementation 

[0100] Let us consider a system having the following 
parameters: 

(1) The length of a timeslot is 40ms (ie the system 
is capable of determining 25 positions per second) 

(2) The transmitters each have a unique 1 6-bit ad- 
dress 

(3) The reserved address 0 is not allocated to any 
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transmitter. 

(4) Every transponder is also a member of one 
transponder group, also identified with a 16-bit 
number (again, identifier 0 is reserved). 

(5) The scheduler is a CORBA-based distributed 
software programme (Object Management Group, 
The Common Object Request Broker; Architecture 
and Specification. Revision 1.1, OMG Document 
Number 91.12.1, December 1991) running on a 
workstation. 

(6) Location Quality of Service (LQoS) is expressed 
as an integer representing the desired period of po- 
sitioning (eg an LQoS of 25 requests one position 
every 25 timeslots, ie once per second). 

[0101] The Scheduler is envisaged to be adapted to 
maintain a scheduling table stored in memory. Each row 
of the table contains six entries: 

1 . A 1 6-bit transponder address, a 

2. A 1 6-bit group identifier for the transponder g, 

3. The LQoS for the transponder, \ 

4. A real number called the Effective LQoS (or 
ELQoS), e 

5. A real number called the score, s 

6. A bit called the slotswap bit, b. 

[0102] A row in the table is described by an ordered 
six-type (a,g,l t e,s,b). A global flag called "excess-de- 
mand" (to be described later) and an integer called "last- 
group" are also maintained by the Scheduler. 
[0103] When the Scheduler process is initialised, the 
scheduling table is empty. A single row (0,0,1 ,1 ,0, false) 
is immediately added. This entry represents a dummy 
transponder. The excess-demand flag is set to false, 
and the last-group is set to zero. 

Adding or changing a request 

[0104] An operator (user) or software application can 
contact the Scheduler over its CORBA interface to indi- 
cate that the location requests for a transponder group 
should be added or changed. It should be noted that if 
two or more transponders are members of the same 
transponder group, then their location requests should 
not be capable of being added or changed separately. 
Furthermore, the requests involving the dummy trans- 
ponder address 0 and dummy transponder group ID 0 
will be ignored. The user or application passes the fol- 
lowing information to the scheduler; 

* g, the transponder group identifier 

* I, the desired LQoS for members of this transponder 
group 

* a, , a n , the transponder address of members of 



this transmitter group. 

[0105] For each transponder address a 1 ,....a n , the 
scheduler then adds or modifies an entry in the sched- 
5 u ling table. 

[0106] For values of i between 1 and n, if a row of the 
form (apgj^e^s^bj) is present in the table, it is updated 
to (aj.g.I.e^Sj.bj), otherwise a row (aj.g.l.O.O.false) is add- 
ed. 

10 [0107] The scheduler is then arranged to recalculate 
the ELQoS for each of the m entries in the table. 
[0108] First, it calculates the total level of LQoS de- 
mand, (t), where t is given by Equation (1). 
[0109] Next it updates the ELQoS for each of the n 

*5 entries in the scheduling table, ej, with a new value e'j. 
If t is less than 1 , then e'j is given by Equation (2). 
[011 0] Otherwise, if t is greater than or equal to 1 , e'j 
is given by Equation (3). 



[0111] When a user or application contacts the 
Scheduler over its CORBA interface to indicate that a 
location request for a transponder should be deleted, it 

25 also passes the address of that transponder aj, to the 
Scheduler (The entry corresponding to transponder ad- 
dress 0 may not be removed). If the scheduler finds that 
an entry for that transponder is present in the table, it 
removes the corresponding row.(a r ,g r ,e rJ s r ,b r ) from the 

30 table. The scheduler then updates every other row in 
the table (a x ,g x ,l x ,e x ,s x ,b x ) to (a x ,g K1 l X! e x ,s* x ,b x ) where 
the value of S' x is given by Equation (4), 
[0112] In Equation (4) n is equal to the number of rows 
in the table before removal of the location request. The 

-35 scheduler recalculates the effective rates based on the 
remaining table entries as described in the previous sec- 
tion. 

Allocating timeslots 

40 

[01 1 3] Once every 40ms, the Scheduler must tell the 
central coordinating device (across a CORBA interface) 
the address of the transponder which should be located 
next. It does this by examining the contents of the sched- 

45 uling table and any attempts to update the table are 
blocked until this examination is complete. 
[0114] First, the Scheduler steps through each row in 
the scheduling table. If the last-group register does not 
contain 0, and the scheduler encounters a row in which 

50 the transponder group I D is the same as the contents of 
the last-group register, and in which the swap-stot bit is 
false, it sends the transponder address contained in that 
row to the coordinating device, and sets the swap-slot 
bit on that row to "true". 

55 [0115] Otherwise, the Scheduler operates in accord- 
ance with the following algorithm: 
(5) 
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1 . Choose the row in the table with the h ighest score 
(a c ,g c ,l c .e ci s ct b c ). 

2. If b c is false, for each row of the table which has 
the transmitter group ID g c set the swapslot bit to 
false. Then, update each row in the table (a x ,g x ,l x , 
e x ,s x ,b x ) to (a x ,g x ,l XJ e x .s , Xf b x ) where s' x is given by 

s 'x = ( s x + 1/e x> 

Next, the single chosen row in the table is fur- 
ther updated to (a x ,g c ,l c ,e c ,s" c ,b c ) where s" c =s' c -1 . 

The lastgroup register is set to g c . 

Finally, the coordinating device is informed of 
the address a c of the transponder that should be 
located next (if is zero, this indicates that no 
transponder should be addressed in the next times- 
lot). 

3. If b c is true, update each row in the table (a x ,g x , 
l x ,e x ,s x ,b x ) to (a x ,g x ,l x1 e x ,s' x ,b x ) where s' x can be 
computed as above. Next, the single chosen row in 
the table is further updated to (a^g^e^s"^^) 
where s" c =s' c -1 . The row in the scheduling table 
with the highest score is chosen again, and the 
above steps are retaken. 

Rotational movement 

[0116] The relative positions of two or more trans- 
ponders carried by the same object can be checked 
against their previous known positions to determine 
whether or not the object has for example been rotated. 
[0117] A set of two or more transponders which are 
carried by the same object can be identified as such with 
a f u rther item of inf ormatio n in their associated 
WHISPS, such that the control system will schedule the 
interrogation of the second and any subsequent trans- 
ponder addresses of the set of transponders on the ob- 
ject after the first of the pair has been interrogated. 
[0118] By interrogating the set of transponders on an 
object in rapid succession so any relative movement be- 
tween position determination of each point is minimised, 
rendering the orientation picture of the object from each 
such succession of position determinations to be as ac- 
curate as possible. 

[0119] In general three transducers are needed to 
permit the orientation (and any changes in orientation) 
of an object to be determined. For some objects normal- 
ly constrained to occupy a limited range of positions only 
two or even one transducer may be sufficient. 
[0120] Apparatus for performing any of the above 
methods in particular comprises a master radio trans- 
mitter for transmitting short duration radio frequency 
trigger signals into an environment; a plurality of radio 
receiver-controlled ultrasound transmitter units (trans- 
ponders) located on movable objects throughout the en- 



vironment; a plurality of ultrasonic receivers located at 
fixed, spaced apart points in the environment and adapt- 
ed to receive ultrasound signals from transponders in 
the environment; a coordinating control system adapted 
5 to cause the master radio transmitter to emit appropri- 
ately encoded trigger signals to trigger one particular 
transponder (if present) in the environment, and cause 
it to emit ultrasonic radiation; and a computer based da- 
ta processing system receptive of signals from the ul- 
10 trasound receivers for determining from the transit times 
associated with those transmissions the apparent line 
of sight distances of the transponders from at feast some 
of the receivers, and thereby from the geometry of the 
receivers the apparent position of the object in the en- 
is vironment; memory means for storing position data for 
each such identified transponder and therefore the ob- 
ject on which it is mounted; scheduling means for deter- 
mining the encoding of the next radio trigger transmis- 
sion, and therefore the address of the next transponder 
whose position is next to be interrogated; additional 
memory means for storing at least one additional item 
of information in association with the position data of 
each transponder; programmable data processing and/ 
or logic means for determining from the said additional 
items of information and/or from at least one previously 
interrogated transponder address, which transponder 
address is to determine the next encoding of the radio 
trigger transmission; a radio transmitter on each object 
adaptedto transmit encoded radio signals from the ob- 
ject to a remote radio receiver; and means for generat- 
ing data to be transmitted by the radio transmitter at 
least a part of which comprises data byu which the trans- 
mitter and the object with which it is associated can be 
uniquely identified. 

[0121] In a preferred arrangement, further memory 
means is provided within which is stored data relating 
to the time at which each transponder address was last 
interrogated, and the programme running in the proces- 
sor controlling the said logic means is adapted to com- 
pare the information stored in each said further memory 
means with the WHISP data for all transponder address- 
es suspected to be in the environment, to determine 
which of the transponders is next to be interrogated, and 
to encode the next radio trigger signal accordingly. 
[0122] The different memory means may comprise 
different parts of one memory device (such as a large 
random access memory) or may be formed from two or 
more different memory devices, at least some of which 
may be random access memories and others may be 
programmable read only memories. 

Reduction of errors due to spurious acoustic signals 

[0123] Obviously any acoustic noise sources in the 
environment which can generate ultrasonic signals sim- 
ilar to those sent by the ultrasound transmitters, have 
the potential to introduce false position determination. 
[0124] In order to overcome this problem, it is envis- 
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aged that the ultrasonic receiver is rendered sensitive 
only to sound of a particular frequency, by the use of an 
ultrasonic detector with a narrow bandwidth around that 
frequency, and the bandwidth of the sound signal emit- 
ted by the transmitter is also limited to a narrow band- 
width around that frequency, and wherein the system 
includes a further ultrasonic receiver adapted to simul- 
taneously monitor sound at at least one of a number of 
different frequencies, and a logic based system deter- 
mines if a signal detected by a receiver at the unique 
frequency used by the transmitter is accompanied by 
other sounds at some or all of the said different frequen- 
cies and if not, the detected signal is identified as being 
TRUE, and if accompanied by other sounds, the detect- 
ed signal identified as being corrupted by noise. 
[0125] Thus for example noise sources in the environ- 
ment (for example, a set of jangling keys) tend to simul- 
taneously generate signals at a large number of different 
frequencies, so that sounds are detected at the trans- 
mitter frequency and at other frequencies simultaneous- 
ly. The detection of such a range of sound signals (even 
though it contains a component at the transmitter fre- 
quency) has to be identified as either a FALSE sound 
signal or is as a TRUE signal which has been corrupted 
by noise, and in either event the signal must be rejected. 
[0126] The number of additional frequencies that are 
monitored is preferably greater than one, and the mon- 
itoring may be performed at one or more of a number, 
of different points in the environment. 

Orientation determination 

[0127] In some circumstances, a plurality of trans- 
ponders may be attached to the same object. Thus if 
three transponders are attached to a rigid object so that 
they are not colinear f then by finding the positions of 
those three transponders not only the position but also 
the orientation of the object may be deduced (assuming 
that no movement of the object has occurred between 
the time at which the measurements were made). 

Component redundancy reduction 

[0128] Typically each transponder has its own inde- 
pendent radio interface, controlling logic, and one or 
more ultrasonic transducers. However, where two or 
more such transponders are placed on an object, com- 
plete physical independence of the transmitters is not 
required and components of different transmitters can 
be interconnected using wires and duplication of com- 
ponents which are common to the transponders can be 
reduced or eliminated. 

[0129] A single radio receiver may be provided to- 
gether with decoding logic to drive a number of individ- 
ually addressable ultrasonic transducers. Thus the one 
receiver will respond to more than one address and 
hence can be described as a Multiple- Address trans- 
ponder but for each address only one of the ultrasonic 



20 

transducers would be triggered, corresponding in each 
case to one of the points on the object. 
[0130] An object is envisaged having mounted there- 
on a plurality of ultrasonic transducers located at a cor- 
5 responding plurality of different non-colinear positions 
on the object; a single radio receiver adapted to trigger 
one or another of the transducers depending on an ad- 
dress code contained within a radio signal received 
thereby, so that the different transducers may be trig- 
10 gered by appropriately coded radio signals, to transmit 
ultrasound signals into the environment at specific 
times, and from the different points on the object, to en- 
able the unique positions of the said points on the object 
to be determined and enable the orientation of the object 
*s to be determined; and a single radio transmitter for 
transmitting to the remote receiver at least a unique 
identification for the object. 

[0131] Each transducer is envisaged as being com- 
prised of a group of two or more similar transducers fac- 
ing in different directions to more uniformly spread the 
ultrasound around the environment. 

Ultrasonic transmitter design 

[0132] It is envisaged that the basic ultrasonic trans- 
mitter incorporates a plurality of ultrasonic transducers 
which are driven simultaneously to create a pulse of ul- 
trasound from the device. 

[0133] Typically, the transducers (which, individually, 
have a relatively narrow beam angle) are arranged to 
point in different directions so as to generate a generally 
omnidirectional transmission pattern. However, it is pos- 
sible to arrange the transducers so as to produce a more 
directional beam, and two advantages follow: 

1 . The number of transducers required can be re- 
duced. This is especially relevant if a transmitter is 
to be placed on an ultrasonical fy opaque object in 
such a way that if an omnidirectional signal were to 
be generated by the device a known fraction of the 
omnidirectional signal would be absorbed. A direc- 
tional beam extending over the area not absorbed 
by the opaque object can therefore be generated 
using fewer transducers than would have been re- 
quired to generate the omnidirectional signal, but 
the ultrasound signal issuing from the object will ap- 
pear to be the same, as if an omnidirectional source 
had been employed. 

2. The orientation of an object may be determined 
by identifying the positions in the environment at 
which receivers are located which receive signals 
from a transducer on the object. Thus directional 
transducer on the front of a computer monitor may 
be sufficient to enable the direction in which the 
screen is facing to be determined, by mapping 
which of the receivers in the environment "hear" the 
transmitted ultrasound. 
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Power saving 

[0134] Standard operation of each transponder 
leaves the radio channel open continuously. This tech- 
nique ensures that it will receive all addressing messag- 
es from the coordinating device, but if the transponder 
is battery powered it is also disadvantageous, in that 
power is used continuously by the radio interface and 
the batteries will become rapidly discharged. 
[01 35] It is envisaged that the transponders are made 
aware of the fixed interval which is to occur between ad- 
dressing messages and power saving is achieved by 
turning off the radio interface after a message is re- 
ceived and switching it on just before the next one is due. 
[0136] This may be achieved by providing the trans- 
ponders with a low-power supervisory circuit which can 
turn the radio interface on and off. 
[0137] Further power saving may be achieved if the 
frequency with which a particular receiver-transmitter 
will be addressed by the coordinating device is known. 
If the coordinating device is programmed so as to be 
( aware that the transponder will not be addressed for 
some amount of time, it can encode that time in the radio 
message, and after decoding the message the trans- 
ponder will be able to switch off its radio interface for 
that amount of time. The power saving is particularly ef- 
ficient if a transmitter is made to "sleep" for a long time, 
as would be the case if the transponder is being used 
to track, an item of office equipment such as a printer, 
which is not expected to move very often. 
[01 38] The scheme described above can be extended 
to allow sleeping transponders to be woken up at short 
notice. Thus in the case in which the coordinating device 
is sending out 50 addressing messages each second, 
the transponders can be configured so that they turn on 
their radio interfaces once a second, at a time when a 
message is due. and decode that message (therefore 
using 1/50 of the power which would have been used if 
they had decoded each message). A data bit at the start 
of each message (the wake bit) indicates that the coor- 
dinating device wishes to wake up all sleeping trans- 
ponders or a set of sleeping transmitters (say, all those 
with even addresses). If a number of bits can be trans- 
mitted at the beginning of each transmission, the "sleep- 
ing" transponder can be grasped and woken up accord- 
ingly by transmitting an appropriate code, within the ca- 
pability of the bits. If a sleeping transponder receives 
such a message, and if that message is applicable to it, 
it will wake up : and from that time on check every ad- 
dressing message from the coordinating device, until 
such time that it is instructed to go to sleep again. With 
this method, much of the power-saving advantage of 
sleeping can be retained, and yet it can quickly trigger 
a transponder so as to be able to determine its location. 
Thus in the case of the printer described above, if a per- 
son walked up to the printer, it is likely that they might 
move the printer, and in which event it may need to start 
tracking it immediately, even if it was currently "sleeping" 



to save power. 

[0139] if a transponder is taken out of range of the 
master radio attached to the coordinating device, there 
is no point in it continually turning on its radio interface, 

5 for it will be unable to receive addressing messages. 
Therefore, in order to save power in these circumstanc- 
es, if a transponder does not receive an addressing 
message at a time when one is expected, then it can be 
programmed to go into sleep mode for a predetermined 

10 period (perhaps one minute), before turning the radio 
channel on again for sufficient time to detect whether it 
is in range of the coordinating device again. For exam- 
ple, if the coordinating device was sending out an ad- 
dressing message every 1/50 second, then a sleeping 

*s transmitter must wake for 1/50 second to determine if it 
is in range of that coordinating device. If it did this once 
a minute, then the radio interface would use only 1/300 
of the power it would otherwise use. This is achieved at 
the expense of up to a one minute delay before a trans- 

20 ponders position can be determined after it is back in 
range of the coordinating device. 

Registration of new transponders as they enter an 
environment 

25 

[0140] The second radio channel allows the introduc- 
tion of a previously "unknown" transponder unit into the 
monitored environment without operator intervention. In 
this situation, there is a requirement to indicate to the 

30 overall coordinating device that it must start to address 
the new transponder. This process will be referred to as 
a "registration". It is merely necessary that the new 
transponder is compatible with and has a radio address 
which is one that would be expected and recognised by, 

35 the system. 

[0141] The bidirectional radio link is provided between 
a remote receiver and each transponder. Typically this 
is achieved by adding a radio transmitter to each trans- 
ponder and adding a radio receiverto the master trans- 

40 mitter. As previously suggested, such transponders are 
referred to as bi-directional transponders. 
[0142] In one arrangement the coordinating device 
may for example transmit the radio receiver addresses 
in sequence of all possible bi-directional transponders, 

45 at regular intervals. The bi-directional transponder radio 
responses may be checked for radio responses from 
any new transponder addresses, and these addresses 
may then be added to the list of bi-directional transpond- 
er addresses which are to be scheduled, for position de- 

50 termination by subsequently triggering by radio their bi- 
directional transponder so as to generate ultrasound 
signals. 

[0143] In a more preferred arrangement a "Slotted 
ALOHA contention-resolution protocol" such as de- 
55 scribed by Roberts L in ALOHA Packet Systems With 
and Without Slots and Capture, Computer Communica- 
tions Review, April 1 975, may be used to allow the trans- 
ponder to identify its unique identification (ID) to the co- 
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ordinating device and establish its position in the sched- 
ule for the master transmitter. 

[01 44] This type of protocol is a probabilistic protocol 
which allows many transmitting and receiving devices 
to use the same radio channel to transmit at the same 
time. This allows a plurality of transponders to use the 
same radio channel to communicate with the coordina- 
tors and enter their ID'S into the schedule to be used by 
the master transmitter. 

[0145] Preferably the contention-resolution protocol 
is performed until an indication is received from the mas- 
ter transmitter and/or its associated coordinator that lo- 
cation resources have been allocated to the new ID for 
that transponder transmitter. 

[01 46] This indication may be sent as part of the ad- 
dressing message. 

[0147] The indication may simply be a command to 
transmit or a separate acknowledgement field. 
[0148] In either case, the transponder's unique radio 
receiver ID may be encoded in the message to show 
that the master transmitter and/or coordinator is aware 
of its presence. 

Resource retrieval 

[0149] As has been referred to above, "registration" 
may also be used in resource retrieval to prevent valu- 
able resources being used unnecessarily. 
[0150] Thus if a bi-directional transponder is moved 
to a location where its ultrasonic signal is undetectable 
(e.g. if it is placed in a box), then the coordinating device 
may be programmed to reallocate the location resourc- 
es that were are being used to track that device. 
[0151] For example if no ultrasound signal from a bi- 
directional transponder has been detected after it has 
been addressed for say up to four times, the coordinat- 
ing device may be programmed to set a "transmit** bit in 
the radio addressing message the next time it is trans- 
mitted by the master transmitter, so as to force a regis- 
tration from the addressed transponder transmitter, 
whilst blocking registration attempts from any other bi- 
directional transponders. 

[0152] If a radio reply from the bi-directional trans- 
ponder transmitter is detected by the master radio re- 
ceiver in response to a "transmit bit", then the related 
object mounted transponder is still in range of the mas- 
ter radio transmitter, and the absence of an ultrasound 
response either lies in a temporary shielding of the 
transponder or an electrical failure, (as opposed to 
movement of the object), and the resource should not 
be reclaimed. In the example given the transponder may 
have been temporarily shadowed by ultrasound absorb- 
ing material. 

[0153] If no signal is detected, then the next time that 
bi-directional transponder is addressed by the master 
radio transmitter the coordinating device may be pro- 
grammed to set a special drop bit in the addressing mes- 
sage, to indicate that the location resources that are cur- 



rently allocated to that transponder wilt be reclaimed, 
and the transponder concerned will not subsequently be 
addressed via the master transmitter radio link. 
[0154] If the transponder radio receiver can receive 
s this message, it must be in a location where it can re- 
ceive radio signals from the master radio transmitter but 
the coordinator is unaware of its ultrasonic response. In 
this event the bi-directional transducer is programmed 
to perform the registration process described above, but 
10 in the meantime the coordinating device reclaims the 
now unused location resource associated with that ID, 
until such time as the transducer achieves registration. 
[0155] The use of a drop bit dictates that the radio in- 
terface should be very reliable, since if a transponder 
*5 were to miss a message telling it not to expect any more 
radio addressing transmissions this could result in the 
transponder not starting the registration process, and, 
without other intervention, no further position updates 
would be received for that transponder. 
[0156] It is envisaged that each addressing message 
contains one or more sets of error-correcting or error- 
detecting bits in combination with a powerful checking 
algorithm (e.g. CRC Check). 

[0157] If a transponder receives a message contain- 
ing errors, it is programmed to assume that the message 
was destined for it, and that the drop bit was set, so that 
if a transponder receives such a message, it will imme- 
diately begin the registration process. 
[0158] Whether there are merely a number of inde- 
pendent but interlinked regional coordinators, or an 
overall coordinating device which sits above a plurality 
of regional coordinating devices, either the overall de- 
vice or all of the regional coordinating devices (or both) 
may be programmed to remember the ID's of any bi- 
directional transponders which have dropped out, and 
this fact may be compared with a look up table of data, 
indicating whether or not an alarm is to be raised and/ 
or the absence noted in a display. For example in the 
case of an ID associated with a valuable piece of appa- 
ratus, a burglar alarm may be sounded, and exit down 
remotely locked. 

[0159] Likewise, if an ID is discovered in a region in 
which it should not be (eg a person or a container of 
dangerous material) then the overall coordinator (or the 
regional coordinators) may likewise be programmed to 
raise an alarm, bar access or exit, and/or display this in 
a display. 

Transmission of additional information 

[0160] Input and output facilities may be provided on 
the transponders. 

[0161] For example, in addition to the address of the 
device that is being requested to transmit the ultrasonic 
pulse, a radio message from a coordinating device may 
contain a number of data bits (an "Output Data Value") 
which may, for example, be sent to an output port on the 
addressed transponder, to co ntrol for example a display, 
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or robotic device associated with that transponder. 
[0162] The invention wiil now be described by way of 
example, with reference to the accompanying drawings, 
in which: 

5 

Figure 1 is a schematic diagram of a positioning 
system; 



Figure 1 5 is a view from above of the sound pattern 
which emanates from an omnidirectional ultra- 
sound transducer (or transducer group) when at- 
tached to or partly obscured by an object which is 
of acoustically opaque and/or absorbing material; 

Figure 16 is a side view of a person wearing a de- 
vice such as shown in Figures 14A and 14B; 

Figure 1 7 is a top view of the person shown in Figure 
16; 

Figure 1 8 is a block schematic overview of a com- 
plete system incorporating the invention and also 
including a bi-directional radio link between the 
master transmitter unit and each of the addressed 
transponders; 

Figure 19 is a detailed block schematic of the clock 
generator in Figure 1 8; 

Figure 20 is a detailed block schematic of a zone 
manager of Figure 18; 

Figure 21 is a detailed block schematic of a matrix 
manager of Figure 18; 

Figure 22 is a detailed block schematic of an ultra- 
sound receiver such as is incorporated in each 
room of the system of Figure 1 8; and 

Figure 23 is a detailed block schematic of a mobile 
transponder unit such as is mounted on objects in 
the rooms in the system of Figure 18. 

Overview of the drawings 

[0163] In the drawing a set of ultrasonic receiving el- 
ements are placed in a matrix on the ceiling of rooms in 
which the system is installed, and ultrasonic transmitters 
are placed on the objects to be located. 
[0164] An addressable radio link is used to allocate 
timeslots, transmit the synchronising timing pulse, and 
allow transmitting elements to communicate with a co- 
ordinating device, eg to register an initial presence. 
[01 65] Radio waves are used because their speed of 
propagation is very fast, and unknown delays in the ra- 
dio link will be very small compared to the time-of -flight 
of, for example, ultrasonic pulses used to measure dis- 
tances so that to a first approximation the measure- 
ments can be said to be synchronised, and the unknown 
errors will not significantly reduce the accuracy of the 
system. 

[0166] Alternatively a wired network may be used be- 
tween the fixed receiving elements to distribute a timing 
pulse. This has the advantage of being less prone to 
interference, and potentially of lower cost. 
[0167] At least three receivers must detect valid sig- 



Figure 2 shows the FPGA configuration of the trans- 
mitter unit, 10 

Figure 3 is a schematic diagram of a mobile trans- 
mitter unit for the system of Figure 1 ; 

Figure 4 shows the FPGA configuration of the mo- '5 
bile transmitter unit on the system of Figure 3; 

Figure 5 is a simplified block schematic of the ultra- 
sonic receiver unit; 

20 

Figures 6A to 6C show how a standard ultrasonic 
receiver operates as part of a transponder in a com- 
plete system as shown in Figures 18 to 23; 

Figure 7A to 70 show the operation of a modified 25 
ultrasound receiver, adapted to render it insensitive 
to spurious noise signals, in the system of Figures 
18 to 23; 

Figure 8 shows a standard ultra-sonic transmitter 30 
as used in Figure 9, and in the systems of Figures 
1 to 5 and 18 to 23; 

Figure 9 shows how two transponders each incor- 
porating standard ultrasound receivers can be 35 
mounted on a movable object such as a chair to in- 
dicate rotational movement;. 

Figure 10 shows how component redundancy in a 
two transponder arrangement such as shown in Fig- 40 
ure 9, can be reduced; 

Figure 11 shows a more complex ultra-sonic trans- 
mitter provided in the system of Figure 1 0; 

45 

Figures 12A and 12B are top (or bottom) and side 
view of an omnidirectional ultrasound source; 

Figure 1 3 illustrates a more directional ultrasound 
source; so 

Figures 14A and 14B are top and side views of a 
transponder unit designed to be worn round the 
neck; 

55 

Figure 1 4C is a view from above showing the direc- 
tionality of the device shown in Figures 14A and 
14B; 
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nals for the system to be able to calculate the position 
of the transmitter, but if alf the receiving elements are 
coplanar, there can be ambiguity about whether a trans- 
mitter is above or below the plane containing the detec- 
tor - eg the ceiling of a room. This ambiguity can be re- 5 
solved if it is known for example that all transmitters are 
always below the ceiling. 

[0168] The information gathered by this system can 
be used to automate computing and communications 
equipment in an intelligent manner. By locating the po- 10 
sition of people and equipment for example in an office, 
hotel, hospital facility or home environment, it is possible 
for example to route phone calls, dispatch a printing job 
to the nearest printer, automatically identify the nearest 
visible screen to a user (for display of information re- *s 
quested by them) , and intelligently select camera views 
in videophone conversations. 

[0169] Availability of fine-grain high resolution loca- 
tion information can allow new methods of human-com- 
puter interaction, e.g. connection of video and audio 20 
streams by bringing their endpoints into close physical 
proximity. 

[0170] tt may also be possible to use a transmitting 
unit as an input device, e.g. as a wireless mouse, a 3D 
pointer, or for three-dimensional gesture generation. 25 
[0171] It may also be possible to use the information 
gathered by the system to detect motion (by observing 
changes in the position of an object overtime, or by Dop- 
pler methods), and the presence of opaque objects 
(which may shadow receiver elements), which can be 30 
deduced from patterns of reception of the distance 
measuring pulses. 

Detailed description of the drawings 

35 

[0172] In Figure 1 , the position system operation is as 
follows: 

1 . To find the position of a mobile transmitting device 

10, a PC 12 loads an 8-bit address of the mobile 40 
device onto its parallel port. 

2. A transmitter controller, based around a Xilinx 
XC3020A FPGA (the FPGA configuration is shown 

in Figure 2) and interfaced to the PC parallel port, 45 
reads this address five times a second, and gener- 
ates a 40KHz data stream comprising a preamble 
and the address from the parallel bus of the PC. 

3. The 40KHz data stream is FM encoded onto a 
418MHz radio link by a Radiometrix BIM418 radio 
module 16. 

4. As the first bit of the preamble is generated by 
the transmitter controller, a signal from that control- 
ler commands an ADC 18 (HP E1413/A) to begin 
sampling at a rate of 100KHz (shared between all 
channels being sampled). 



5. Mobile devices such as 10 described in detail in 
later Figures of the drawings located in the area 
covered by the system, pick up the preamble and 
8-bit address and compare the address with their 
own. If the addresses match, the mobile device in 
question transmits a 750 microsecond pulse of 
40KHz ultrasound. Typically an array of five trans- 
ducers is mounted on each device, typically in a 
hemispherical pattern (not shown). 

6. The ultrasonic pulse is picked up by one or more 
ultrasonic receiver units of which four are shown at 
20, 22, 24 and 26. Those receiving the pulse proc- 
ess the signal in a manner described later before 
passing the processed signal to the ADC 18, which 
is set to sample them when instructed. 

7. After the initial command to begin sampling, the 
ADC continues to sample at 100KHZ for 20 milli- 
seconds and the samples values are stored. The 
stored sample values are passed over a serial in- 
terface to the PC 1 2. HP Vee software is loaded into 
the PC to manage the sampled data, find signal 
peaks, determine transmitter-receiver distances, 
and calculate and position relative to the receivers 
of the mobile device that was addressed, using the 
algorithms described herein before. 

[0173] The FPGA configuration of the transmitter con- 
troller of Figure 1 is detailed in Figure 2. 
[0174] In Figure 3 the operation of a mobile radio 
transmitter is as follows: 

1. At power-up, the Xilinx XC3020A FPGA unit 28 
downloads its configuration from a Xilinx 1736PC 
serial PROM 30(the FPGA configuration is shown 
in Figure 4). A PIC16C54 microcontroller 32 ena- 
bles a Radiometrix BIM418 radio module 34 and a 
4MHz Xilinx clock 36 (built around a 4MHz crystal 
and a 74HCT00 1C). 

2. The XC3020A unit 28 monitors incoming 40KHZ 
received data until it detects a preamble and 8-bit 
address. It then compares the received address 
with its own (stored in its serial PROM), and if the 
addresses are identical it drives five ultrasonic 
transducers such as (Farnell Electronics part No. 
213-214) at 40 KHz for 750 microseconds (of which 
one is shown at 38). 

3. The PIC16C54 microprocessor 32 then disables 
the BIM418 radio module 34 and 4MHz clock 36, 
and places the XC3020A unit 28 into powerdown 
mode, to save power, for 0.196 seconds. It then re- 
enables these components and step (2) is followed 
again. 

[0175] Power is typically derived from two 3.6V 
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half-AA lithium thionyl chloride batteries, regulated to 5V 
by an LT1129 IC. 

[0176] The FPGA configuration of the transmitter con- 
troller of Figure 3 is detailed in Figure 4. 
[0177] The operation of the ultrasonic receiver shown 
in Figure 5 is as follows: 

1 . The ultrasonic signal is detected by an ultrasonic 
transducer such as a Famell Electronics part No. 
213-226 denoted by 40. 

2. This signal is amplified (typically by a factor of 
56) using an inverting amplifier 42. Typically this is 
built around one-quarter of a TL074 quad op-amp. 

3. The amplified signal is rectified using a full wave 
active rectifier 44. Typically this is built around one- 
half of a TL074 quad op-amp. 

4. The rectified, amplified signal is smoothed using 
an RC circuit 46 to obtain a signal which represents 
the envelope of a rectified version of the original sig- 
nal. 

5. This signal is passed to the HP E1 41 3/A ADC 1 8 
(see Figure 1 ) via an RJ45 jack plug and one wire 
of a four wire network, which also supplies the unit 
with +5V, -5V and GND power lines. 

Standard receiver 

[0178] A number of these are located at known loca- 
tions around the environment (room) in the ultrasonic 
positioning system. 

[0179] As shown in Figure 6(A), each receiver 47 is 
triggered by a central controller 48 across a network 50. 
Following a timing or reset signal 49, the receiver mon- 
itors signals from a 40KHz ultrasonic detector 52 for 
20ms as depicted in Figure 6(B), and the time at which 
the incoming signal peaked for the first time is deter- 
mined and held in the receiver. After the 20ms window 
closes, the central controller 48 polls each receiver 
across the network 50 as depicted at 54 and 56 in Figure 
6(C), and retrieves the time value. The value from each 
receiver is either the time after the window opened at 
which the signal first peaked, or is zero (which indicates 
that no useful signal was detected) . 

Reducing system response to spurious acoustic signals 

[0180] To confer noise immunity a two channels and 
two ultrasonic detector are provided as shown in Figure 
7. The first detector 52, and first channel 58 are sensitive 
to 40 kHz and the second, 60, 62 to another frequency 
eg 25kHz. 

[0181] When the receiver is triggered, both channels 
are reset and monitor the incoming signals for 20ms, 
and determine the times (a,b) at which any received sig- 



nals peak for the first time as shown in Figure 7(B). 
[0182] The value b is checked and if greater than O, 
the value of a is forced to O, also, as shown in Figure 7 
(C). If b equals O, the value of a is available to be re- 

5 turned to the central controller. 

[0183] When the central controller 48 polls each re- 
ceiver 47 across the network is shown in Figure 7(D), 
and noted by 64, the time value a from the first channel 
52, 58 is returned to the controller 48, as denoted by 66. 

to |f the second channel value b had been non-zero (indi- 
cating that a spurious acoustic signal was detected), 
then zero is returned to the controller from the first chan- 
nel 52, 58. 

*5 Transponder design 

[0184] A standard receiver-transmitter (transponder) 
unit 68 (such as item 1 0 in Figure 1 ) is shown in Figure 8. 
[01 85] This comprises a radio receiver 70 which picks 
20 up encoded FM signals in the 41 8MHz band from a radio 
transmitter (16 in Figure 1) controlled by a central coor- 
dinating device 48 (not shown). 

[0186] These signals are passed through decoding 
logic 72, which presents the address contained in any 

25 decoded message, to an address comparator 74. If the 
latter identifies the address in the message as that of 
the transponder stored in ROM 76, it triggers a signal 
generator 78, which drives a set of ultrasonic transduc- 
ers 80 to transmit an ultrasonic pulse. 

30 [0187] Two such standard transponders 82, 84 are 
shown in Figure 9 attached to two spaced apart points 
on a chair 86. 

[01 88] Since the two transponders 82, 84 contain sim- 
ilar duplicated components, an alternative arrangement 

35 is possible as shown in Figure 1 0. Here, a single receiv- 
er and control unit 88 drives two individually addressa- 
ble ultrasonic transducer sets, mounted at the same 
points on the chair 86, 90, 92 as were the standard trans- 
ponders 82, 84. 

40 [0189] The alternative arrangement is shown in more 
detail in Figure 11 . The unit 88 is made up of a radio 
receiver 94 which picks up the encoded FM signals in 
the 418MHz band from the central transmitter. These 
signals are passed through decoding logic 96, which 

45 presents the address contained in any message detect- 
ed to an address comparator 98. The latter is associated 
with a look-up table 1 00 containing in this case two rows 
102, 104. Each row stores a transducer address and a 
port number (e.g. If transducer set 1 is attached to port 

50 1 1 one of the rows will be the ordered pair (1,1)). 

[0190] If the address comparator identifies that the 
address in a received radio message matches one of 
the transducer addresses in the look-up table 1 00 it trig- 
gers a signal generator 106. The address comparator 

55 also controls gates 1 08, 1 00. to direct the output of the 
signal generator 1 06 to the port identified by the port 
number in the received transducer address. It can be 
seen therefore that the number of radio receivers, de- 
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coders, comparators and signal generators required by 
a system where two or more ultrasonic transmitter trans- 
ducers are to be mounted as single objects, can be re- 
duced, with consequent economies. 

[0191] Two groups of ultrasonic transducers 112, 114 5 
are connected separately one to port 1 (controlled by 
gate 1 08) and the other to port 2 controlled by gate 1 1 0. 

Introducing directionality into the transducers 

10 

[0192] Since ultrasonic transducers tend to produce 
a sound wave over a relatively small solid angle, and 
are therefore rather directional. A less directional trans- 
ducer is shown in Figures 12A and 1 2B. This comprises 
a spherical body 1 1 6 from which protrude a plurality of 1$ 
regularly spaced transducers, one of which is shown at 
1 18 in each of the views. 

[01 93] If the spherical unit 1 1 6 of Figures 1 2A and 1 2B 
is mounted so that its lower half is acoustically shielded, 
none of the lower transducers serves any useful pur- 20 
pose and could be omitted. Such a unit is shown in Fig- 
ure 1 3, where the hemispherical body 120 carries trans- 
ducers 122. 

[0194] The device 120 is shown mounted on a hous- 
ing 1 24 which may contain electronic components mak- 25 
ing up the transponder. Less than half the number of 
transducers are required than in an omnidirectional 
source such as shown in Figures 12A, 12B. 
[01 95] Figure 1 4A shows a transponder 1 26 capable 
of being worn by a person around their neck for example 30 
on a chain 128. As seen in Figure 14C, the ultrasonic 
transducers 1 30 can be arranged to give a relatively nar- 
row beam 132 which will project in front of the person 
134. By finding the position of the person 134 and the 
locations of the receivers (20, 22, 24 etc in Figure 1) at 35 
which the beam is detected, it is possible to deduce 
which way the person is facing. 

Derivation of orientation information 

40 

[0196] Where the objects on which transponders om- 
nidirectional (standard) are attached are opaque or rel- 
atively opaque to ultrasound, it is possible to obtain in- 
formation about the orientation of those objects from the 
data collected by the receivers such as 20, 22 etc in Fig- 45 
ure 1 . Consider a transponder 1 36 attached to a known 
point 138 on such an object 140, as in Figure 15. The 
opacity of the object 140 ensures that the only sound 
energy 142 which can leave its vicinity does so in the 
direction 144. This effect may be amplified if the trans- 50 
mitter is itself directional to some degree. 
[0197] By interrogating the receivers (20, 22 etc (Fig- 
ure 1 )) in an environment containing such an object and 
performing a calculation on the information they provide, 
the location system can calculate in three dimensions 55 
the position (x,y,z) of the transponder 136. The location 
system also knows the positions (u 1? v 1 ,w 1 ) ... (u n ,v n ,w n ) 
of the n receivers that have detected the ultrasonic sig- 
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nal. Using the known location of the transponder on the 
object and the known locations of the receivers, the di- 
rection, relative to the object, in which the ultrasonic en- 
ergy will have left its vicinity, can be deduced. Correlat- 
ing these three items of information allows the object's 
orientation to be determined, where the position of point 
138 relative to the object 140 is known. 
[0198] An example of how this can be derived will be 
described with reference to Figures 16 and 17 which 
show a standing person 1 46, who can face in any direc- 
tion and therefore be said to be rotatable about a vertical 
axis 148, relative to a horizontal array of receivers one 
of which is denoted by 150. 

[0199] The person 1 46 is wearing a transponder 1 52 
on a chain around his neck. In this case, the sound en- 
ergy is directed in front of the person, with the middle of 
the beam lying in the same vertical plane as the direction 
in which they are facing. 

Figure 1 8 shows the person from above and the area in 
the horizontal plane over which sound energy will be ra- 
diated from the ultrasonic transducers on the transpond- 
er 152. 

[0200] First it is necessary to compute the mean point 
of detection of the ultrasonic signal on the ceiling (u,v, 
w), given by Equations (5), (6) and (7). 
[0201 ] Secondly, the vector (a,b,c) is computed from 
the transponder to the mean point. The vector a, b, c, is 
computed using Equations 18, (9) and (10). 
[0202] The vector (a,b,0) usually can be taken to be 
a good estimate of the horizontal direction of the middle 
of the sound beam leaving the object's vicinity, and can 
be used to calculate the direction A, in which the person 
is orientated around a vertical axis (relative to some oth- 
er horizontal direction specified by a vector (m.n.O). 
[0203] The value of A in the range (-71,71] can be com- 
puted from the values of sinA and cosA given by Equa- 
tions (11) and (12). 

[0204] The value of A can be used as an estimate of 
the direction in which the person is facing. 
[0205] Figures 1 8 to 23 illustrate a position detection 
system embodying the invention and the separate parts 
making up the system. 

Complete system 

[0206] Figure 1 8 is a block schematic diagram of the 
complete system in which a Scheduling PC 154 dictates 
which one of a set of Mobile Transponders (one of which 
is shown at 1 56) are to be addressed in each of 25 times- 
lots per second. Addressing messages generated by 
the Scheduling PC are sent to Mobile Transponders via 
a Zone Manager 158, which also passes registration 
messages from the Mobile Transponders 156 back to 
the Scheduling PC. 

[0207] Ultrasonic signals generated by the addressed 
Mobile Transponders 156 in response to the addressing 
messages sent by the Zone Manager, are detected by 
a set of Receivers three of which are shown at 1 60, 1 62, 
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164 attached to a Matrix Manager 166. Typically, there 
will be one Matrix Manager and a set of Receivers per 
room (or other space in which ultrasound is confined). 
[0208] A Positioning PC 1 68 connected to the Matrix 
Manager 1 66 derives the air temperature of the room in s 
which the polled receivers are located via a thermome- 
ter 1 70, and polls the Receivers 1 60, 1 62 etc to retrieve 
the three measurements derived from the received ul- 
trasonic signals, and uses this data, and the measure- 
ment of air temperature in the room 1 72, to calculate the 10 
3D position of the source of the ultrasonic signals. 
[0209] A second set of receivers (1 74, 1 76, 1 78) in a 
second rom 180 are also shown, with associated matrix 
manager 182 and positioning PC 184. Other similar set- 
ups can be provided for each room in a building, each is 
linked to a central area manager 186. 
[0210] Information from the Scheduling PC and the 
Positioning PCs is collated by an Area Manager 186, 
which produces a stream of location events that may be 
sent to users or applications. In order to perform this 20 
collation, elements of the system must be synchronised 
- this is achieved using a 25Hz signal from a Clock Gen- 
erator 188 and initialising PC 190. 
[0211] Radio signals are transmitted to the mobile 
transponder radio receivers from a master radio trans- 25 
mttter/receiver unit 189 operating at 418 MHz with FM 
encoding. 

Individual part of the system 

30 

(1 ) Clock Generator (Figure 1 9) 

[0212} The Clock Generator 188 sends an accurate 
25Hz clock pulse and global time value to the Zone Man- 
ager and the Matrix Managers across a serial network. 35 
The generator has a 25 Hz 1 92 clock which drives a time 
store and counter 194. The time store holds the current 
global time value, and the counter increments it with 
every pulse. An initial global time value may be loaded 
from a the PC 190 connected to the Clock Generator 40 
(see Figure 18). 

[021 3] After incrementing the current global time val- 
ue, that value, and the clock pulse are gated to a serial 
network interface 196, which distributes these signals 
to othersystem components, so as to synchronise them. 45 

(2) Zone Manager (Figure 20) 

[02141 Each Zone Manager 1 58 handles the radio in- 
terface between the Scheduling PC and the Mobile so 
Transmitters. As shown in Figure 20, it has a Data Store 
198 which is filled by the Scheduling PC with the next 
packet to be transmitted. When this process is com- 
plete, the Zone Manager unasserts the "Ready" status 
line. On receipt of a clock pulse from the synchronisation $5 
network 200 along 202, the Zone Manager stores the 
associated time in a Time Store, 204, and triggers a 
Message Generator 206. The Message Generator 



sends a 1 36-bit preamble followed by a Manchester-en- 
coded copy of the stored packet at 40kbps to the trans- 
mit side of a 418MHz FM Radio Transceiver 208, thus 
sending a DC-balanced copy of the desired message to 
the Mobile Transmitters. 

[021 5] After sending the message, the Zone Manager 
triggers a Message Decoder 21 0, which looks at the in- 
coming signals picked up by the receive side of the 
Transceiver 208. Any incoming radio message sent by 
the radio transmitting section of the Mobile Transponder 
is decoded and error-checked, and if the message is val- 
id it is stored in a Message Store 212. 
[0216] When time has been allowed for the outgoing 
message to be sent and any incoming messages to be 
detected, the Zone Manager asserts the "Ready" status 
line, indicating that the Scheduling PC can review the 
stored time and any stored message. To this end the 
scheduling PC controls Data Path Switch 214 to supply 
triggertune (from 204) and/ormessage (from store 21 2) 
as appropriate, before loading the next packet to be 
transmitted. 

[0217] The global clock synchronisation network sig- 
nals pass unchanged through the Zone Manager. 

(3) Scheduling PC 

[0218] The Scheduling PC 154 (Figure 18) is pro- 
grammed to determine the order in which Mobile Trans- 
mitters should be addressed based on the Location 
Qualities of Service (LQoS) assigned to them (either 
statically, or dynamically by users and applications). The 
Scheduling PC also constructs the packets to be sent 
to Mobile Transponders (via the Zone Managers), and 
performs resource reclamation. 

[0219] The algorithm used to choose the next Mobile 
Transmitter to be addressed is described in the sections 
above entitled "Schedule Implementation". 
[0220] Once the next Mobile Transmitter's address 
has been determined, the Scheduling PC determines 
whether an application requires that an "Output Data 
Value" should be sent to that transmitter. It also deter- 
mines whether applications have indicated that the 
transmitter is no longer responding to addressing mes- 
sages (perhaps because it has been removed from the 
range of all the receivers in the room or building in the 
case of a multi-zone system). If so, the transmit or drop 
bits in the next message should be set, to check the sit- 
uation, or reclaim resources (as described above). 
[0221] The Scheduling PC also determines whether 
any Mobile Transmitters should be woken prematurely 
from a sleeping state, in which case the wake bit should 
be set. It also can acknowledge that a mobile transpond- 
er has been registered with the system whether this has 
been done by an operator, or an application according 
to data/time or data forcing the system to look for a par- 
ticular mobile transponder address or has been 
achieved automatically. 

[0222] Two values, s (the score) and e (the Effective 
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Location Quality of Service) associated with the Mobile 
Transponder to be addressed, and maintained by the 
scheduling algorithm, can be used to estimate a time for 
which that Mobile Transponder may go to sleep. It can 
be shown that, assuming the LQoS demands managed 
by the system do not change, the Mobile Transmitter will 
not be addressed in at least the next st timeslots, given 
by Equation (13). 

[0223] A message packet is then constructed from the 
collected information. The packet has a number of Cy- 
clic Redundancy Check (CRC) error checking codes 
embedded within it(the standard CRC-8 code is used), 
and its format is given in Table (A). 
[0224] If no data value is to be sent to the Mobile 
Transponder, the Output Data Value field is set to 255. 
Similarly if no Mobile Transponder registrations require 
acknowledgement, the Registration Acknowledgement 
field is set to zero. 

[0225] The message packet is loaded into the Zone 
Manager's Data Store in 8-bit chunks. After the last 
chunk is loaded, the Scheduling PC start to continuously 
poll the Zone Manager's "Ready" status line. This line 
is asserted when the Zone Manager has transmitted any 
stored message where the radio receiver section of the 
transceiver 208 is being employed. 
[0226] At this time, the Scheduling PC retrieves (from 
the Zone Manager) the time at which the transmission 
was made, and sends an event of the form (identifier, 
time) to the Area Manager across a CORBA interface 
(Object Management Group, The Common Object Re- 
quest Broker; Architecture and Specification. Revision 
1.1, OMG Document Number 91.12.1, December 
1991), indicating the 16-bit identifier of the addressed 
Mobile Transmitter and the time of addressing. 
[0227] Finally, the Scheduling PC retrieves from the 
Zone Manager any incoming message sent by the radio 
transmitter of the address Mobile Transponder (where 
fitted and utilised). Any such message will contain an 
address and button status bits. The Scheduling PC must 
deal with any registration request detected in this way, 
and/or inform any applications which are interested in 
"Button Pressed" events from Mobile Transponders. 
[0228] It then identifies the address of the next Mobile 
Transmitter by repeating the scheduling process de- 
scribed in this section. 

(4) Matrix Manager (Figure 21) 

[0229] The Matrix Manager shown in Figure 21 resets 
ultrasound Receivers (eg 20, 22 etc in Figure 1) con- 
nected to it. at a precise time, and acts as an interface 
between the Positioning PC and those Receivers. 
[0230] On receipt of a clock pulse along line 21 6 from 
the synchronisation network 200, the Matrix Manager 
stores the associated time in a Time Store 218, waits 
for 9.65ms to allow the radio message to be sent and 
sends a "Reset" signal over its Downstream Network In- 
terface 220 to the ultrasound Receivers connected to it. 



After 20ms, the Matrix Manager asserts the "Results 
Ready" status line, which indicates to the Positioning PC 
that the Receivers will have made their measurements, 
and that the Positioning PC can now use the "Outgoing 
s Data" bus to poll those Receivers to determine the re- 
sults. 

[0231] The Positioning PC can also retrieve the time 
at which the Receivers made their measurements by re- 
covering the time held in the Time Store 218. It can also 

10 retrieve the latest measurement of the temperature in 
the room measured by a temperature sensor 222, the 
output of which is continually digitised by ADC 224 and 
stored in memory 226 for retrieval for example when the 
Receivers are reset. 

*5 [0232] The Positioning PC can also send commands 
to the ultrasound Receivers through the "Outgoing Da- 
ta" bus to change the peak detection algorithm or 
thresholds used by the ultrasound Receivers. 
[0233] When the Positioning PC asserts the "PC 

20 Ready" status line to indicate that it has performed all 
necessary actions associated with the current measure- 
ments, the Matrix Manager unasserts the "Result 
Ready" status line and prepares itself for the next clock 
pulse. 

25 [0234] Results from the Receivers are accepted via 
the upstream Network Interface 228. A Data Path Se- 
lector switch 230 (Figure 20) allows the Positioning PC 
to retrieve those results or the digital temperature meas- 
urement from 226 as desired. 
30 [0235] The global clock synchronization network sig- 
nals pass unchanged through each Matrix Manager in 
turn. 

(5) Receiver (Figure 22) 

35 

[0236] The Receiver shown in Figure 22 detects ul- 
trasonic signals from the transducer on the Mobile 
Transponders, and converts them to electric signals and 
processes those signals to determine the time at which 

40 the received acoustic signal peaked for the first time. 
Receivers are connected in a serial daisy-chain to a Ma- 
trix Manager by two networks - an upstream network, 
232 which carries information to the Matrix Manager, 
and a downstream network 234 which carries informa- 

45 tion from the Matrix Manager. Each Receiver has an ad- 
dress which is unique amongst those connected to the 
same Matrix Manager, allowing it to be polled by the Po- 
sitioning PC also connected to that Matrix Manager. The 
address may be coded for example by setting switches 

50 235 on the PCBs of the Receivers. 

[0237] When a Receiver detects a "Reset" signal con- 
dition on the downstream network 234, it resets an on- 
board counter 236 and peak detection circuit 238. For 
the next 20ms, the counter is updated at a frequency of 

55 20kHz, and the peak detection circuit monitors a signal 
from a 40kHz ultrasonic transducer which has been am- 
plified in 242, rectified in 244, smoothed in 246 and dig- 
itized in 248. 
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[0238] When the peak detection circuit indicates that 
the signal has peaked for the first time, counter 236 is 
stopped. 

[0239] If the 20ms window closes before a peak is de- 
tected, the value 0 is formed in the counter. 
[0240] After the 20ms period, the Receiver may be 
polled by the Positioning PC via the Matrix Manager and 
the downstream network 234. If an address comparator 
250 in the Receiver linked to the switch coded address 
235 detects that the Receiver is being polied, the stored 
value in the counter is sent back to the Positioning PC 
via the upstream network 232 and Matrix Manager, to- 
gether with error-checking information. Incoming infor- 
mation from other Receivers on the upstream network 
is blocked during this period. 

[0241] Additional lines on the downstream network 
234 can be used by the Positioning PC to change the 
peak detection algorithm used by the Receiver. Two al- 
gorithms may be used: 

* Stop the counter when the signal has risen above 
a certain absolute threshold and when the signal 
peaks for the first time. This is the default algorithm. 

* Stop the counter when the signal has risen above 
a certain threshold relative to the lowest signal val- 
ue seen so far this algorithm is more useful when 
the offset of the Receiver amplifier is liable to 
change. 

[0242] The threshold source may be a bank of switch- 
es 252 on the Receiver PCB, or a Threshold Memory 
254. The threshold source may, again, be changed by 
the Positioning PC by using lines on the downstream 
network. To set the value in the Threshold Memory 254, 
the Positioning PC sets the poll address on the down- 
stream network to the new value, and then asserts fur- 
ther lines such that each of the Receivers load the poll 
address value into a Temporary Threshold Memory 256. 
The Positioning PC then sets the poll address on the 
downstream network to the address of the Receiver 
whose threshold must be altered, and asserts further 
downstream network lines to transfer the value from the 
Temporary Threshold Memory 252 into the Threshold 
Memory 254 of the appropriate Receiver. 

(6) Mobile Transponder (Figure 23) 

[0243] The Mobile Transponder shown in Figure 23 
can be attached to objects, and generates ultrasonic 
signals 258 by which its position and possibly orientation 
can be determined. 

[0244] Incoming radio messages from a Zone Man- 
ager are picked up by a 418MHz FM Radio Transceiver 
260 and decoded by a Message Decoder 262. The Mes- 
sage Decoder also uses error-checking information in 
the incoming messages to determine if bit errors on the 
radio link have occurred. 
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[0245] After the message has been received, the 
Power-Saving Supervisory Circuit 264 switches off the 
receive side of the Radio Transceiver 160. 
[0246] A Message Generator 266 allows the Mobile 

5 Transponder to contact the Zone Manager through the 
transmit side of the Radio Transceiver 260. The Mes- 
sage Generator is used by a Registration Controller 268, 
which handles attempts to make the Zone Manager 
aware of the presence of the Mobile Transponder, and 

10 is also activated when a user presses one of two buttons 
270, 272 on the Transponder (if fitted). 
[0247] If a good message is received, the Message 
Decoder compares the transmitter address contained in 
the incoming message with that stored in ROM 274. If 

15 the addresses match, then: 

1 . A trigger signal is sent to a Pulse Signal Gener- 
ator 276, which drives a set of ultrasonic transduc- 
ers 278 (arranged around a hemispherical shell) at 

20 40kHz for 50u.s to produce the ultrasound pulse 
258. 

2. A counter in the Power-Saving Supervisory Cir- 
cuit is loaded with the value of the sleep time in the 

25 message (via line 280). 

3. If the drop bit in the message is set, a Registration 
Controller 282 on the mobile device is informed that 
the Zone Manager will no longer address this Mo- 

30 bile Transmitter. The Registration Controller will 
then begin attempts to register with the Zone Man- 
ager. If the drop bit is not set, but the Mobile Trans- 
mitter is attempting to register with the Zone Man- 
ager, the Registration Controller 282 is informed 

35 that the registration attempts were successful, and 
it need not attempt to register again. 

4. If the transmit bit in the message is set, the Mobile 
Transponder prepares to immediately transmit its 

40 address over its bidirectional radio interface (260) 
to 208. 

5. The 8-bit Output Data Value in the message is 
sent to a 1 0-way data port on the Mobile Transpond- 

45 er (the port also includes a ground line, and a strobe 
line which indicates when the data is valid). 

[0248] If the Message Doctor indicates that the incom- 
ing message is not for the current transmitter, but that 

50 the Ftegistration acknowledgement field contains the 
address of the current transmitter, then the Registration 
Controller 282 is informed that the Zone Manager is now 
aware of this Mobile Transponder, and that no more reg- 
istration attempts are needed. 

55 [0249] After the incoming message has been decod- 
ed, the Mobile Transponder may attempt to send a data 
packet back to the Zone Manager through the transmit 
side of the 418MHz radio transceiver 260. This behav- 
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iour may be caused by a number of events: 

1. The transmit bit in the incoming message was 
set, and the transmitter address encoded in the in- 
coming message is the same as that of the Mobile 
Transponder. 

2. A button switch on the Mobile Transponder has 
been pressed. 

3. The Registration Controller 282 is attempting to 
register the Mobile Transponder with the Zone Man- 
ager and the transmit bit of the incoming message 
is not set, and the probabilistic "Slotted ALOHA" 
contention-resolution protocol (driven by a pseudo- 
random number generator) indicates that the Mo- 
bile Transponder should attempt to send data to the 
Zone Manager in this timeslot. 

[0250] If one of these events does occur, a message 
generator waits a 25u,s turnaround time before switching 
on the transmit side of the Radio Transceiver 260, and 
sending (at 40kbps) a 1 68-bit preamble followed by a 
Manchester-encoded version of the packet whose for- 
mat is shown in Table (B). 

[0251] A Cyclic Redundancy Check code may be in- 
cluded in the packet to detect link errors or collisions 
with transmissions from other Mobile Transmitters. A 
standard CRC-8 algorithm is used to generate theCRC. 
[0252] After transmission of the preamble and packet, 
the Message Generator switches off the transmit side 
of the Radio Transceiver 260. 

[0253] The Power-Saving Supervisory Circuit 264 is 
used to control other parts of the Mobile Transmitter in 
order to save power, tt is driven by a 32kHz clock 284, 
which allows it to be low-powered itself. The prime func- 
tion of this circuit is to turn on the receive side of the 
Radio Transceiver 260 every 40ms, so that the next in- 
coming radio message from the Zone Manager may be 
detected and decoded. However, if the Sleep Counter 
is not zero (indicating that the Mobile Transponder may 
enter an even lower-powered sleeping state), the Pow- 
er-Saving Supervisory Circuit 264 decrements this 
counter once every 40ms, and only activates the receive 
circuitry of the Mobile Transmitter 260 once every eight 
timeslots (so that the wake bit periodically may be 
checked). The Power-Saving Supervisory Circuit 264 
also controls an 8MHz clock 265 which is used by the 
Message Decoder 262 and Message Generator 266, 
[0254] If the Message Decoder 262 indicates that the 
wake bit in the incoming message was set. then the 
Power-Saving Supervisory Circuit 264 sets sleep coun- 
ter 286 to zero. This action ensures that the transmitter 
will check each incoming message until it is instructed 
that it no longer needs to do so. 

[0255] If the Message Decoder 266 indicates that an 
error occurred on the radio link, or that no message was 
received when one was expected, the Mobile Trans- 



ponder will enter a "Searching" mode. In this mode, the 
low-power supervisory circuit switches on the receive 
side of the 418MHz Radio Transceiver 260 approxi- 
mately once every 80s, for a period of just over one see- 
s' ond, and the Registration Controller 282 is informed that 
it should attempt to register with the Zone Manager. The 
"Searching" mode is also the default state of the Mobile 
Transponder when it is switched on for the first time. 

10 (7) Positioning PC 

[0256] A 200MHz Pentium -pro IBM compatible PC 
with a 48 line parallel digital IO card may be used and 
the same hardware is suitable for all PCs shown. 
'5 [0257] Associated with each Matrix Manager is a Po- 
sitioning PC 154, 168, 184 which computes the compo- 
sitions of Mobile Transmitters from the time-of -flight val- 
ues determined by Receivers 1 60, 1 672 etc (whose sur- 
veyed positions are stored in memory by the Positioning 
PC). It continuously polls the Matrix Manager to deter- 
mine whether the Receivers have been triggered and 
have results which should be processed. When the "Re- 
sults Ready" status line is asserted by the Matrix Man- 
ager, the Positioning PC (via the Matrix Manager) polls 
each of the n Receivers connected to the Matrix Man- 
ager, retrieves a data value from each (along with error 
checking information), and unasserts the "PC Ready- 
status fine. 

[0258] For each Receiver that returns a good non-ze- 
ro data value (ie. the error checking information indi- 
cates a good data value, which, being non-zero, indi- 
cates a signal was detected by that Receiver), that data 
value is used to calculate a transmitter-receiver dis- 
tance. The Positioning PC interrogates the Matrix Man- 
ager such as 166, 182 and determines the current tem- 
perature of the room, t (measured in °C). It is then pos- 
sible to calculate the speed of sound in the room, c, from 
Equation (14). 

[0259] Calibration of the system during installation 
provides a value, d, for the fixed delays in the system 
(such as the time taken to decode the radio message 
by the Mobile Transponder). From the pulse time-of- 
flight, f i( from the Mobile Transponder to Receiver i, the 
corresponding transponder-receiver distance, l h can 
then be calculated, lj=cx(f r d). 

[0260] If a Mobile Transponder is at the coordinates 
(u.v.w) and the distance from it to a Receiver at the co- 
ordinate (x,y,0) is I, are that all Receivers lie in the plane 
of the ceiling. It can be shown that I 2 is given by Equation 
15. 

[0261] Equation 1 can be regarded as a nonlinear 
model, see Myers, R. Classical and Modern Regression 
with Applications, PWS-KENT, 1990, and can use non- 
linear regression to fit the values of 1 ,x and y for several 
Receivers to this model. This gives estimates u, v and 
w 2 . This allows the determination of a best least- 
squares estimate for the Mobile Transponder's position 
as the coordinate (0, v, -Vw 2 ), taking the negative 
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square-root of w 2 to fix the transponder below the ceil- 
ing. A shadow solution ((Q, v, -Vw 2 ) corresponds to an 
impossible transmitter position above the ceiling. The 
non-linear model has three degrees of freedom, and 
knowledge of at least three transponder-receiver dis- 5 
tances is therefore required to calculate the Mobile 
Transponder's position. Furthermore, the model cannot 
be fitted to the data if all Receivers that detected a signal 
are collinear. 

[0262] Reflected signals from objects in the environ- 10 
ment can lead to incorrect distance measurements. Nor- 
mally, the first signal peak detected by a Receiver will 
be due to a pulse travelling along a direct line from the 
transponder. This pulse will arrive before any reflected 
pulses, which must travel along longer paths. The dis- is 
tance thus measured by the system will be that of a 
straight Hnejoining transponder and receiver. Occasion- 
ally, however, the direct path may be blocked, and the 
first received signal peak will be due to a reflected pulse. 
In this case, the measured transponder-receiver dis- 20 
tance will be greater than the true distance, leading to 
an inaccurate estimate of the transponder's position. 
[0263] Two techniques have been developed for iden- 
tifying and eliminating inaccurate distance measure- 
ments. First the difference of two transponder-receiver 25 
distances cannot be greater than the distance between 
the Receivers. If, by comparing pairs of measurements, 
two Receivers are found whose results do not satisfy 
this test, it can be stated that the larger of the two dis- 
tances must be a measurement along a reflected path 20 
(remembering that reflections can only increase the 
measured distance), and can discard that result from the 
data set. 

[0264] Secondly, a statistical test has been developed 
based upon the observation that the proportion of Re- 35 
ceivers that detect only reflected signals is small. Stu- 
dentized residuals (Glantz,S., Slinker, B. Primer of Ap- 
plied Regression and Analysis of Variance. McGraw- 
Hill, 1990) provide one method of identifying outliers in 
data sets , and can be calculated for each of the distance 40 
measurements during the nonlinear regression proc- 
ess. An incorrect measurement will be considered to be 
an outlier in the full set of measurements, and it is likely 
to have a large studentized residual. The result with the 
largest positive studentized residual is removed from 45 
the set of distance measurements (remembering, again, 
that reflections can only increase the measured dis- 
tance), before re-computing the nonlinear regression 
and residuals. 

[0265] The statistical test is repeated until the vari- $o 
ance of the remaining measurements fall below an ac- 
ceptable threshold (suggesting that all outlying data 
points have been eliminated), or only three measure- 
ments remain. A final calculation of the transmitter's po- 
sition is then made using those data values. 55 
[0266] From the calculated position and the known lo- 
cations of the Receivers that detected a signal from the 
Mobile Transmitter, it is also possible to estimate 6, the 



orientation of the Mobile Transmitter around a vertical 
axis. The method used to perform this estimation has 
been described above. 

[0267J The Positioning PC then retrieves (from the 
Matrix Manager) the time at which the measurements 
used in the position calculation were made. Finally, it 
sends an event of the form (x.y,z,8, time) to the Area 
Manager across a CORBA interface, indicating the cal- 
culated position (x,y,z), orientation (G) and time of meas- 
urement, and informs the Matrix Manager that it is ready 
for the next set of readings (by asserting the "PC ready 1 * 
status line). 

[0268] It should be noted that the Positioning PC (1 68, 
184) can send commands to individual Receivers (via 
the Matrix Manager) to change the peak detection algo- 
rithm they use, or to change the threshold they store in 
memory, or to change the source of the threshold that 
the peak detection algorithm uses (either on -board 
switches, or memory). 

(8) Area Manager (Figure 1 8) 

[0269] As shown in Figure 1 8 data from the Schedul- 
ing and Positioning PC's is transmitted to the Area Man- 
ager 186 which comprises inter alia a data processor 
(such as a PC). This gathers events of the form (identi- 
fier, time) from the Zone Manager, and events of the 
form (x,y,z,e,time) from each Matrix Manager. 
[0270] An associative memory in the Area Manager 
links events using the time parameter, and generates a 
stream of events of the form (identifier, x,y,z,e,time). 
[0271] It can be seen that these events contain iden- 
tification, location, orientation and time information, and 
therefore allow the position and orientation (at a partic- 
ular time) of a transponder to be determined. 
[0272] This event stream (shown at 288 in Figure 1) 
may be passed on to users and client applications. 

Power saving at the receiver-transmitter units 

[0273] Power saving can be achieved in the trans- 
ponders by switching the receiver into a quiescent or 
OFF mode during the time intervals between address- 
ing, and if the frequency at which a particular transpond- 
er unit is to be addressed is known this can be encoded 
into the radio message so that after decoding the mes- 
sage the receiver section can be turned off for that pe- 
riod of time. 

Control signals using radio transmitters 

[0274] Additional information in the form of control sig- 
nals may be encoded into the radio addressing signals 
transmitted to the transponder units so as for example 
to control a display or robotic device, associated with 
the transponder unit. ' 
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Shape determination 

[0275] Electrical signals indicative of the positions of 
a plurality of transmitters located at selected, strategic 
points on an object, may be derived and stored and 
processed, for example by comparison with stored elec- 
trical signal data or processed by means of an algorithm, 
to produce a decision signal indicative of an algorithm, 
to produce a decision signal indicative of the shape of 
the object. This may enable a new object to be identified 
by reference to its shape. 

Display of monitored area 

[0276] Electrical signals in dicative of the position and/ 
or orientation of an object whose position and orienta- 
tion (relative to the area) have been determined by a 
position determining system as described herein, may 
be employed to control the display of a graphical repre- 
sentation of the object on a TV or computer monitor to- 
gether with graphical representations of other objects, 
also identified by position and orientation. 

Registration of new transponders as they enter an 
environment 

[0277] A second radio channel allows the introduction 
of a previously "unknown" transponder unit into the 
monitored environment without operator intervention. In 
this situation, there is a requirement to indicate to the 
overall coordinating device that it must start to address 
the new transponder. This process will be referred to as 
a "registration". It is merely necessary that the new 
transponder is compatible with and has a radio address 
which is one that would be expected and recognised by, 
the system. 

[0278] The bidirectional radio link is provided between 
a remote receiver and each transponder. Typically this 
is achieved by adding a radio transmitter to each trans- 
ponder and adding a radio receiver to the master trans- 
mitter. As previously suggested, such transponders are 
referred to as bi-directional transponders. 
[0279] In one arrangement the coordinating device 
may for example transmit the radio receiver addresses 
in sequence of all possible bi-directional transponders, 
at regular intervals. The bi-directional transponder radio 
responses may be checked for radio responses from 
any new transponder addresses, and these addresses 
may then be added to the list of bi-directional transpond- 
er addresses which are to be scheduled, for position de- 
termination by subsequently triggering by radio their bi- 
directional transponder so as to generate ultrasound 
signals. 



Claims 

1 . A system for determining the position of each of a 



plurality of labelled objects (10) in a specified envi- 
ronment, comprising computing means (12) for de- 
termining the transit times of slowly propagating en- 
ergy transmitted from a transmitter (68) on each la- 
5 belled object to a plurality of receivers (20,22,24,26) 
positioned at fixed points in or around the specified 
environment, the computing means computing 
therefrom the actual distance of the transmitter from 
the receivers, a master transmitter (1 6) located so 
10 as to cause transmitted bursts of high speed energy 
to enter the said environment whereby the trans- 
missions of the slowly propagating energy for the 
respective labelled objects are initiated by respec- 
tive bursts of such high speed propagating energy 
is from said master transmitter which transmits said 
bursts of high speed energy in encoded form in ac- 
cordance with a schedule of the labelled objects, 
and a receiver (70) associated with the transmitter 
on each object, each receiver being adapted to re- 
20 spond to an appropriately encoded burst of such 
high speed energy, thereby to initiate a burst of 
slowly propagating energy, characterised in that 
a further transmitter of high speed energy is provid- 
ed on the object, associated with the receiver ther- 
25 eon, to transmit data signals to a remote receiver 
using encoded high speed energy transmission in 
order to update the master transmitter schedule in 
accordance with the arrival and departure of objects 
to and from the specified environment. 

30 

2. A system as claimed in claim 1 , characterised in 
that the two communication links are combined in 
a bi-directional radio communication system. 

35 3. A system as claimed in claim 1, characterised in 
that each of the said plurality of receivers 
(20,22,24,26) is adapted also to be responsive to a 
said burst of high speed energy, so as to identify the 
beginning of a window of time within which a slow 

40 speed energy burst may arise and be received 
thereby. 

4. A system as claimed in claim 3, characterised in 
that the burst is the same burst as is sent to trigger 

45 one of the transmitter/receiver units (68,70) to 
transmit a slowly propagating wave, for time meas- 
urement. 

5. A system as claimed in claim 3, characterised in 
50 that the said plurality of receivers (20,22,24,26) are 

connected by a network of cables and the transmis- 
sion of the reset signals and the polling of the time 
values is achieved via the network. 

55 6. A system as claimed in any of claims 3 to 5, char- 
acterised in that the receivers (20,22,24,26) in- 
clude a latch to retain information about the time at 
which the beginning of a burst of slow speed energy 
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d'une energie a propagation lente emise a partir 
d'un emetteur (68) sur chaque objet etiquete vers 
une pluralite de recepteurs (20, 22, 24, 26) position- 
nes a des points fixes dans Pen vironnement specif ie 
5 ou autour de celui-ci, le moyen de calcul calcuiant 
a partir de ceux-ci la distance reelle entre I'emetteur 
et ies recepteurs, un emetteur maitre (16) place de 
facon a ce que des salves d'energie a grande Vites- 
se emises entrent dans ledit environnement, d'ou i) 

10 resulte que Ies emissions d'energie a propagation 
lente pour Ies objets etiquetes respectifs sont de- 
clenchees par Ies salves respectives d'une telle 
energie a propagation rapide a partir dudit emetteur 
maitre qui emet lesdites salves d'energie a grande 

15 Vitesse sous forme codee conformement a un plan- 
ning des objets etiquetes, et un recepteur (70) as- 
socie a I'emetteur sur chaque objet, chaque recep- 
teur etant adapte pour repondre a une salve codee 
de maniere appropriee d'une telle energie a grande 

20 Vitesse, pour de ce fait lancer une salve d'energie 
a propagation lente, caracterise en ce qu'un emet- 
teur supplemental d'energie a grande vitesse est 
prevu surl'objet, associe au recepteur sur eel ui-ci, 
pour emettre des signaux de donnees a un recep- 

25 teur distant en utiiisant une emission d'energie a 
grande vitesse codee afin de mettre a jour le plan- 
ning de I'emetteur maTtre conformement a Parrivee 
et au depart des objets vers I'environnement speci- 
fic et a partir de celui-ci. 

30 

2. Systeme selon la revendication 1 , caracterise en 
ce que Ies deux liens de communication sont com- 
bines dans un systeme de radiocommunication bi- 
directionnel. 

35 

3. Systeme selon la revendication 1 , caracterise en 
cequechacun de la pluralite de recepteurs (20, 22, 
24, 26) est egalement adapte pour etre sensible a 
une dite salve d'energie a grande vitesse, de facon 

40 & identifier le debut d'une fenetre temporelle a I'in- 
terieur de laquelle une salve d'energie a faible vi- 
tesse peut se produire et etre de ce fait recue. 



is received after the beginning of each said time 
window. 

7. A system as claimed in ciaim 6, characterised in 
that the receivers (20,22,24,26) are scanned so as 
to recover the time information and reset the latch- 
es. 

8. A system as claimed in any of claims 1 to 6, char- 
acterised in that the computing means (12) asso- 
ciates the time information with the receivers from 
which the times have been obtained, and generate 
a transit time for each receiver. 

9. A system as claimed in claim 8, characterised in 
that the computing means (12) is programmed to 
convert the transit times into distance values, and 
by using position data relating to the receivers 
stored in the memory, to compute therefrom the po- 
sition of the object mounted transmitter (68) relative 
to each of the receivers (20,22,24,26), and there- 
fore, by geometry its position relative to one or more 
fixed points defining the specified environment. 

10. A system as claimed in any of claims 1 to 9, char- 
acterised in that the high speed energy transmis- 
sions are encoded so that a plurality of different 
slow speed signal transmitters (68), all located in 
the same specified environment, can be triggered 
in turn, and so that during a sequence of time win- 
dows, position data relating to each of the siow 
speed signal transmitters in the environment can be 
obtained, the data in each window relating specifi- 
cally to one only of the object mounted transmitters. 

11. A system as claimed in any of claims 3 to 10, char- 
acterised in that the slow speed signals are acous- 
tic or ultrasonic signals and the high speed signals 
are electric currents or voltage or visible or invisible 
electromagnetic radiation such as IR, UV or radio 
signals. 

12. A system as claimed in either of claims 10 or 11, 
characterised in that encoding of the high speed 
signals is by way of frequency, or amplitude, or 
phase, modulation; or pulse coding; or any combi- 
nation thereof. 

13. A system as claimed in claim 12, characterised in 
that digital encoding techniques are employed. 



4. Systeme selon la revendication 3, caracterise en 
ce que la salve est la rneme salve que celie en- 
voyee pour declencher Tune des unites emettrice/ 
receptrice (68, 70) pour emettre une onde a propa- 
gation lente, pour ia mesure du temps. 

Systeme selon la revendication 3, caracterise en 
ce que Ies recepteurs de ladite pluralite de recep- 
teurs (20, 22, 24, 26) sont relics par un reseau de 
cables et ('emission des signaux de remise a zero 
et la scrutation des valeurs de temps sont obtenues 
via le reseau . 

Systeme selon I'une quelconque des revendica- 
tions 3 a 5, caracterise en ce que Ies recepteurs 



Revendications 

1 . Systeme destine a determiner la position de chacun 
d'une pluralite d'objets etiquetes (1 0) dans un envi- 
ronnement specifie, comprenant un moyen de cal- 
cul (12) destine a determiner Ies temps de transit 
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(20, 22, 24, 26) comprennent une unite de ver- 
rouillagepour retenirles informations concernant le 
moment auque! le debut d'une salve d'energie a fai- 
ble Vitesse est regue apres le debut de chaque dite 
fenetre temporeile. 

7. Systeme selon la revendication 6, caracterise en 
ce que les recepteurs (20, 22, 24, 26) sont exami- 
nes de facon a recuperer les informations de temps 
et remettre les bascules a zero. 

8. Systeme selon Tune quelconque des revendica- 
tions 1 a 6, caracterise en ce que le moyen de cal- 
cul (1 2) associe les informations de temps aux re- 
cepteurs a partir desquels les temps ont ete obte- 
nus et genere un temps de transit pour chaque re- 
cepteur. 

9. Systeme selon la revendication 8, caracterise en 
ce que le moyen de calcut (1 2) est programme pour 
convertir les temps de transit en valeurs de distan- 
ce, et en utilisant les donnees de position se rap- 
portant aux recepteurs memorisees dans la memoi- 
re, pour calculer a partir de celles-ci la position de 
I'emetteur (68) monte sur I'objet par rapport a cha- 
cun des recepteurs (20, 22, 24 ; 26), et en conse- 
quence, par la geometrie, sa position par rapport a 
un ou plusieurs points fixes definissant I'environne- 
ment specifie. 

10. Systeme selon Tune quelconque des revendica- 
tions 1 a 9, caracterise en ce que les emissions 
d'energie a grande vitesse sont codees de sorte 
qu'une pluralite de differents emetteurs de signaux 
a faible vitesse (68), tous places dans le meme en- 
vironnement specifie, puissent etre declenches tour 
a tour, et de sorte que lors d'une sequence de fe- 
netres tempore! les, des donnees de position se rap- 
portant a chacun des emetteurs de signaux a faible 
vitesse dans I'environnement puissent etre obte- 
nues, les donnees dans chaque fenetre se rappor- 
tant specifiquement a un seul des emetteurs mon- 
ies sur I'objet. 

11. Systeme selon Tune quelconque des revendica- 
tions 3 a 10, caracterise en ce que les signaux a 
faible vitesse sont des signaux acoustiques ou ul- 
trasoniques et les signaux a grande vitesse sont 
des cou rants electriques ou une tension ou un 
rayonnement electromagnetique visible ou invisible 
tel que des IR (rayonnement infrarouge), UV 
(rayonnement ultraviolet) ou des signaux radio. 

12. Systeme selon Tune quelconque des revendica- 
tions 10 ou 11, caracterise en ce que le codage 
des signaux a grande vitesse est effectue au moyen 
d'une modulation de frequence ou d'amplitude ou 
de phase ; ou d'un codage d'impulsions ; ou de tou- 



te combinaison de ceux-ci. 

13. Systeme selon la revendication 12, caracterise en 
ce que des techniques de codage numerique sont 
5 utiltsees. 



Patentanspriiche 

10 1 . System zum Bestimmen der Position eines jeden 
einer Mehrzahl von gekennzeichneten Objekten 
(10) in einer spezifizierten Umgebung, mit einer Re- 
chenvorrichtung (12) zur Bestimmung der Obertra- 
gungszeiten von langsam fortschreitender Energie, 

* 5 die von einem Sender (68) auf jedem gekennzeich- 
neten Objekt an eine Mehrzahl von Empfangern 
(20, 22, 24, 26), die an festen Stellen in der oder 
um die spezifizierte Umgebung herum posftioniert 
sind, ubertragen wird, wobei die Rechenvorrichtung 

20 daraus die tatsachliche Entfernung des Ubertra- 
gers von den Empfangern berechnet, einem Leit- 
Sender (16), der so positioniert ist, daft er bewirkt, 
daft ubertragene Bursts mit Energie hoher Ge- 
schwindigkeit in die Umgebung eingefuhrt werden, 

^5 wobei die Obertragungen der langsam fortschrei- 
tenden Energie fur die entsprechend gekennzeich- 
neten Objekte durch entsprechende Bursts von mit 
hoher Geschwindigkeit fortschreitenden Energie 
aus dem Leit-Sender eingeleitet werden, der die 

30 Bursts von mit hoher Geschwindigkeit fortschrei- 
tender Energie in codierter Form in Ubereinstim- 
mung mit einem Schema der gekennzeichneten 
Objekte ubertragt, und einem Empfanger (70), der 
dem Sender an jedem Objekt zugeordnet ist, wobei 

35 jeder Empfanger in der Lage ist, auf einen entspre- 
chend codierten Burst von mit hoher Geschwindig- 
keit fortschreitender Energie anzusprechen, wo- 
durch ein Burst langsam fortschreitender Energie 
eingeleitet wird, dadurch gekennzeichnet, daB 

40 ein weiterer Sender von mit hoher Geschwindigkeit 
fortschreitender Energie auf dem Objekt vorgese- 
hen ist, der dem darauf befindlichen Empfanger zu- 
geordnet ist, um Datensignale an einen entfemten 
Empfanger zu ubertragen, der eine Ubertragung 

45 V on mit hoher Geschwindigkeit fortschreitender En- 
ergie benutzt, um die Ablaufplanung fur den Leit- 
Sender in Abhangigkeit davon, daB wenn Objekte 
in die spezielle Umgebung eintreten und sie verlas- 
sen, fortzuschalten, 

50 

2. System nach Anspruch 1 , dadurch gekennzeich- 
net, daB die beiden Kommunikations-Verbindun- 
gen in einem Zweirichtungs-Funk-Kommunikati- 
onssystem kombiniert werden. 

55 

3. System nach Anspruch 1 , dadurch gekennzeich- 
net, daB jeder der Mehrzahl von Empfangern (20, 
22, 24, 26) in der Lage ist, auch auf einen Burst von 
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mit hoher Geschwindigkeit fortschreitender Energie 
anzusprechen, urn den Beginn eines Zeitfensters 
zu identifizieren, in welchem ein Burst von mit fang- 
samer Geschwindigkeit fortschreitender Energie 
entstehen und empfangen werden kann. 5 

4. System nach Anspruch 3, dadurch gekennzeich- 
net, daB der Burst der gleiche Burst ist wie der, der 
gesendet wird, um eine der Sender/Empfanger- 
Einheiten (68, 70)zutriggern : damitfurdieZeitmes- 10 
sung eine langsam fortschreitende Welle ubertra- 
gen. wird. 

5. System nach Anspruch 3, dadurch gekennzeich- 
net, daB die Mehrzahl von Empfangem (20, 22, 24, is 
26) durch ein Netzwerk von Kabein verbunden sind, 
und die Ubertragung der Rucksetz-Signale sowie 
das Abrufen der Zeitwerte uber das Netzwerk er- 
reicht wird. 

20 

6. System nach einem der Anspruche 3-5. dadurch 
gekennzeichnet, daB die Empfanger (20, 22, 24, 
26) ein Pufferregister aufweisen, um Informationen 
uber die Zeit zu erhalten, zu der der Beginn eines 
Bursts von mit langsamer Geschwindigkeit fort- 25 
schreitender Energie nach dem Beginn eines jeden 
Zeitfensters aufgenommen wird. 

7. System nach Anspruch 6, dadurch gekennzeich- 
net, daB die Empfanger (20 ; 22, 24, 26) so abgeta- 30 
stet werden, daB sie die Zeit-lnformationen zuruck- 
gewinnen und die Pufferspeicher rucksetzen. 

8. System nach einem der Anspruche 1-6, dadurch 
gekennzeichnet, daB die Rechenvorrichtung (12) 35 
die Zeitinformationen den Empfangem zuordnet, 
aus denen die Zeiten erzielt worden sind, und eine 
Ubertragungszeit fur jeden Empfanger generiert 

9. System nach Anspruch 8, dadurch gekennzeich- 40 
net, daB die Rechenvorrichtung (12) so program- 
miert ist, daB sie die Obertragtungszeiten in Ab- 
standswerte umwandelt, und daB durch Verwen- 
dung von Positionsdaten, die sich auf die im Spei- 
cher gespeicherten Empfanger beziehen, daraus 45 
die Position des auf dem Objekt befestigten Sen- 
ders (68) retativ zu jedern der Empfanger (20, 22, 

24, 26) berechnet werden und damit auf Grund der 
Geometrie die Position relativ zu einem Oder meh- 
reren Festpunkten die spezifizierte Umgebung de- so 
finiert werden kann. 

10. System nach einem der Anspruche 1-9, dadurch 
gekennzeichnet, daB die Ubertragungen von mit 
hoher Geschwindigkeit fortschreitender Energie so 55 
codiert werden, daB eine Mehrzahl von unter- 
schiedlichen Signalsendern (68) langsamer Ge- 
schwindigkeit, die alle in der gleichen spezifizierten 



Umgebung angeordnet sind, der Reihe nach getrig- 
gert werden konnen, und daB wahrend einer Folge 
von Zeitfenstern Positionsdaten, die sich auf jeden 
Signalsender langsamer Geschwindigkeit in der 
Umgebung beziehen, erhalten werden konnen, wo- 
bei die Daten in jedem Fenster sich speziell auf nur 
einen der am Objekt befestigten Sender beziehen. 

1 1 . System nach einem der Anspruche 3-10, dadurch 
gekennzeichnet, daB die Sign ale langsamer Ge- 
schwindigkeit akustische oder Ultraschall-Signale 
sind, und daB die Signale hoher Geschwindigkeit 
elektrische Strome oder Spannungen oder sichtba- 
re oderunsichtbare elektromagnetische Strahlung, 
z. B. IR, UV oder Funksignale sind. 

1 2. System nach einem der Anspruche 1 0 oder 1 1 , da- 
durch gekennzeichnet, daB das Codieren der Si- 
gnale hoher Geschwindigkeit mittels Frequenz- 
oder Amplitudenoder Phasen-Modulation oder Im- 
pulscodierung oder eine Kombination hiervon er- 
folgt. 

1 3. System nach Anspruch 1 2, dadurch gekennzeich- 
net, daB digitale Codier-Techniken angewendet 
werden. 
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(3) Central Controller polls receiver 
across network 

® Receiver returns a value 
either: 

a) time after trigger at which 
incoming signal peaked for 
the first time 

or 

b) zero indicating that no useful 
signal was detected 
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sin{8) = 



(;)■(:) 

(i)ll(i) 



(11 ) 



cos(9) - 
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—s x ej 



if s <0 
otherwise 
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TABLE f A • 





oize (bits) 


wake bit 


1 


Padding (zeroes) 


8 


CRC 1 


8 


drop bit 


1 


Transmitter Address 


16 


CRC 2 


8 


transmit bit 


1 


Padding (zeroes) 


13 


Sleep Time st 


24 


CRC 3 


8 


Padding (zeroes) 


5 


Output Data Value 


8 


Registration Ack uowledgement 


16 


CRC 4 


8 



TABLE ' B ' 



Description 


Size (bits) 


Transmitter Address 


16 


CRC 


8 


Button 1 Status 


1 


Button 2 Status 


1 
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